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lo this paper are recorded observations upon inheritance in rabbits 
which were made in the Harvard Zoological Laboratory with the aid of a 
grant from the Carnegie Institution of Washington. The authors desire 
to express their appreciation of that aid, without which these observations 
could not have been made. 

The experiments described were planned by the senior author, and 
this report also was written by him. Dr. H. E. Walter has made the 
majority of the extremely laborious observadons and computations con- 
cerning the inheritance of ear-length and of body-weight. Dr. R. C. 
Mullenix prepared and measured the rabbit skeletons as a foundation for 
Part m of this paper; while both Dr. Walter and Mr. Cobb rendered 
valuable assistance in connection with the study which has been made of 
color inheritance. The senior author akme is responsible for the analytical 
treatment of the observations. 
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PART I. — BAR-SIZE. 



INTRODDCnON. 



The inlieritance of ear-aze in rabbits has been characterized as blend- 
ing, in certain preliminary publications, (Castle, :o$, :05a).' The experi- 
mental evidence for such a characterization is described in the following 
pages. It consists of results obtained by experimental cross-breeding of 
lop-eared rabbits with ordinary short-eared ones. A detailed account 
of this evidence is of little interest to the general reader, who therefore 
may advantageously omit pages 14-34- For consultation on the part of 
the critical student of heredity, it has been thought essential to present this 
evidence in some detail, even though it is intrinsically uninteresting. 

CHARACTEKISTICS OF LOP-EAS£D RABBITS; STEKILITy AND ITS 

INHESITANCE. 

Lop-eared rabbits are distinguished from ordinary ones chiefly by the 
enormous size of their ears, which are so large as to hang down, touching 
the ground on either side of the head. (See plate i, flg. 2, and plate 2, 
fig. 8.) This breed of rabbit is characterized also by a long tail and 
unusual size, being one of the largest breeds known. The characters of 
large aze and long tail, however, have probably not been sought for their 
own sake, but have been incidentally obtained in the production of the 
breed as a result of selection for ears of large size; for among lop-eared 
rabbits, as a rule, those of the largest size have longest ears. 

In the winter of 1904 a pair of lop-eared rabbits was obtained from a 
fonder and used in various breeding experiments. Matings of the two 
together were for the most part fniitiess, only one litter of 3 young being 
successfully reared. These were similar to the parent rabbits in size and 
ear-character. Of the two, one was a male, which was used eztenavely 
in breeding experiments, including one successful mating with his mother, 
from which came a good-azed litter. But only two out of this litter at- 
tained the age of 20 weeks and they ultimately succumbed to disease under 
conditions not tmfavorable to other rabbits. The second of the two young 
reared by the ori^nal lop-eared pfur was a female. Only twice did this 
rabbit bear young by any sort of mating. In one case she foiled to rear 
any of the young. In the other case she reared, when mated to her own 

I For compktB title* nc BlbUognpIv, p. 69. 
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10 INHraiTANCB IN BABBITS 

brother, 2 young out of a litter of 3. Both were males. The larger one, 
although apparently healthy, failed to breed; the smaller one was not 
tested. Accordingly, out of 5 pure-bred lop-eared rabbits with which we 
have experimented, a (a male and a female) were mfertile — one of the 
two lai^y so, and the other completely. Infertility has also been 
encoimtered among a few of the female descendants of this lop-eared stock 
produced by cross-breeding, but in no other stock of rabbits with which 
we have experimented. Sterile individuals have not been observed among 
half-blood lops of generation Fj, but a few have occurred in later genera- 
tions. In the majority of cases, however, the sterile individuals have been 
three-quarter-blood lops. 

Fh>m these facts we conclude that a tendency to steriUty is inherent in 
the lop-eared stock used, and is transmitted, not to the immediate off- 
ering (FJ if they are cross-breds, but to the next generation, when it 
is produced by a back-cross between F, and the pure lop-eared stock; 
less frequently sterility reappears in F„ produced by breeding the half- 
blood bps initr se. We should expect the infertility to occur only half 
as frequently in this latter sort of mating as in the former, where it has 
been oftenest observed. On the whole, it seems probable that a ten- 
dency to sterility is inherited in rabbits, as in DrosophUa (see Castle et at., 
•06), after the manner of a Mendelian recesrive character, *. «., skipping a 
generation in crosses. 

Why bp-eared rabbits more than other breeds should show a tendency 
to sterility is not known; but as they are extensively inbred, it seems highly 
probable that inbreeding is lai^y responsible for this sterility. The 
bp-eared character is one which, firom the manner of its inheritance, we 
may be sure, has been built up ^owly as the result of selection. In this 
process inbreeding must have been continuously practised, for since every 
out-cross would result in loss of half the ground gained by selection, it 
would be practised only when absolutely necessary. 

At birth rabbits have ears quite undeveloped, and the ears do not attain 
their full growth imtil an age of 5 to 8 months have been reached. Ear- 
growth is well advanced, however, at 30 weeks, after which time it becomes 
very slow. Accordingly 20 weeks has been found a convenient age at 
which to institute comparisons as to ear-character between different bts 
of rabbits. Frequently, however, it is impossible to rear an entire litter of 
rabbits to the age of 30 weeks, in which case an earlier determination 
of ear-character becomes desirable. For this reason, after some experi- 
mentation, we adopted the plan of making weekly measurements of the 
ear dimensions at ^es from 2 to so weeks inclusive. This process, while 
laborious, fully eliminates errors due to observation, as well as those due 
to temporary growth conditions. 

The weekly observations upon each rabbit included taking its weight, 
the maximum length and maximum width of its right ear, and finally the 
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EAH-BIZB 11 

Spread of the ears, i. e., the distance from ear-tip to ear^tip when the ears 
are extended in a horizontal position and stretched slightly. Since the 
measurements in nearly all cases were made by the same observer (Walter), 
the personal equation is a fairly constant factor and may be disregarded 

LT" length 

■77 mm. I z 3 * S 6 7 8 9 to ff 12 13 14 tS 16 17 te 19 
tZO-t 
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. Cbart Hhowing growth b «w4ength, and body-ndghl of a Ihter of dz abort-eared 
nbUta between tbe ages of two and dgbteen weeks. See tatde i. 
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12 nraSBITANCB IN BABBITS 

in comparing one set of observations with another. Records of this sort, 
more or less complete, were made for 70 different litters of rabbits, 
containing 341 individuals. 

An inspection of figs, i to 3 shows that the growth-curve^lor ear-length • 
from 2 weeks after birth is of the same general form in the case of both 
long-eared and shwt-eared rabbits. It is a curve convex above, indicating 
a steadily diminishing daily increment in ear-kngtb. 



GKOWTH-KATE OF LOP-EASED AND OF SHORT-EAKED BABBITS IN SIZE 
AND IN EAS-LENGTH. 

The theoretical growth-curve of an organism in weight (Houssay, 107; 
Robertson, :o8) is at first concave upward, but later becomes convex. 
When the curve is concave upward the daily growth increment is increas- 
ing. But when the growth-curve becomes convex upward, it is evident 
that the growth increment is decreasing. Therefore the period of greatest 
daily growth occurs when the growth-curve is changing from a concave 
to a convex one. In rabbits this occurs at an age of from 6 to 8 weeks 
after birth (see figs, i to 3). According to Robertson (:o8) the period of 
maximum growth corresponds with the middle point of a growth-cycle 
which in character resembles aji autocatalytic monomolecular chemical 
reaction. In the rabbit this growth-cycle probably has its begiiming at 
some time prior to birth and ends before puberty is attained. 

It is possible that this same form of curve would be observed in respect 
to ear-length also, if the measurements began at a period sufficiently early. 
Growth of the ears is completed before increase in body-wei^t ceases, 
and it is possible that the growth-curve for ear-length has already changed 
from a concave to a convex form at the a^ of 3 weeks, when our measure- 
ments begin. But it is, on the other band, possible that the growth-curve 
for ear-length wouH not show a convez form upward even if completed 
for the period prior to 2 weeks of age; for ear-length ts a linear dimen- 
sion, whereas body-wei^t depends on voliune, »'. e., size in three dimen- 
sions, and a doubling of any linear dimen^on shotUd be attended by an 
ei^t-fokl increase of volume. 

A comparison of fig. i with fig. 2 shows a considerable difference between 
ordinary short-eared (fig. i) and lop-eared (fig. 3) rabbits as regards size, 
at corresponding ^es; the difference is even more striking in regard to 
ear-length. Crosses between the two varieties produce rabbits inter- 
mediate in character as regards both weight and ear-length. But before 
considering further the character of the cross-breds, it will be well to inquire 
how each variety breeds by itself. 

■ The meMUtemeatt for e*i-width uid "ipnad" ue daatlj condated with thoM tat eu-length. 
For th* Mike ol dmpUdtr we ihell deal mHi the rtatutia far eu-lancth odI;. 
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L Gnnrtb-cotres tot » Utter of five lop-c«ied rabbfts. 
See tftble 9 *nd caofNUe fig. i. 
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HAimOS OF SHOST-EAJIED BABBITS INTEK SE. 

Several matiiigs of short-eared rabbits inter se are recorded in table i . 
They show great umformity of result. The young differ little in ear- 
length from theu* paients, which in no case differed ftom each other by 
more than 5 nun. 

Table i. 



— • 


Maiwo.. 




tamih. 


Wdght 


AgE. 




length. 


Wdght 


Age. 


Pmou: 

<>'S5 

(TW 

S!S:::::: 

"'; 

«:::::: 
Hg:::;:; 


::i 

iiM 

107 
"S 

"4 
"5 


flM. 

*fi4S 
»^7 

»,7»o 
>.74o 


Adult' 

Do. 
Do. 

Do. 

14 week! 
10 week* 


Paimii: 

9498 

(?497 

Mid-pueatal 

ST.- 

e84« 

112::::::; 

tits 


106 
107 

116 
106 

"S 


pm. 

'fl47 
I.S7S 

::8I 

1.460 

IJIO 

(.340 


Do. 
Do. 

■r 


M«i«oj. 


MA11NO4. 


Puentt; 

9i68 

S«j 


I07-S 


...Sd 

•.045 

1.4*5 
1.340 

'.»9S 


Adult 
Do. 


PaienM: 


'OS 

Io^s 

108 


>,>8o 

«,SOO 
«J90 

i.7'S 


Adult 
Do. 
Do. 



> B7 adult It mMU 1 TMT or man old. 

In mating i, the extreme deviations from the mld-paiental * ear-length 
are —6.5 mm. and +2.5 mm., the average deviation being only a.5 mm. 
The totfj range of variation is 9 mm. In mating 2, between brother and 
foster, the extreme deviations are —4 mm. and + 6 mm., giving a total 
range of variation of 10 mm. The average deviation from the parental 
ear-length (no mm.) b, as in mating i, 2.5 mm. 
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The growth-curves for litter a, which were produced .by this mating, 
are shown in figure i. In mating 3, the deviations are all plus in 
character, but are small in amount, namely, 3.5, 4.5, 3.5, and 3.5 mm. 




1S16 n IB 19 ao SI 



Fio. 3. GrowtH-cuives for a litter of five iccDod-geiierslKMi CF^ IwU-lop rabbits. 
See table 9 and compare figs. I and 3. 



From mating 4, by the same female that was concerned in mating 3, a 
single young one was reared, which showed a plus deviation of 4.5 mm. 
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Another mating which falls in this category was made between the 
Belgian hare (9 431) and the short-eared j 56 (see table ia). It shows 
a complete blending in the offspring of the paxental ear-lengths, with a 
very small lange of variation, viz, 6 mm. 



Table ia. 





A. 


Wdtfkt 


Age. 


PU«I>U! 


iiB 

108 
loS 


gm. 

1,500 
•.flSo 

i.Too 
».945 


Aduh. 

gS: 

Aduh. 
« weeki. 




a^^ii:::: 
«^; 






^ 







The mid-parental ear-length was exceeded by i of the yoimg at 21 
weeks (tf age; 3 others came within 2 mm. of the mid-parental ear-length 
at 31 weeks of age, and i of these equaled it when adult. If the other 2 
did as well they too must have attained the expected ear-length. Only 
I individual (9232), then, fuls to attwn the mid-parental ear-length. 
This result is alinost identical in general character with that shown by 
table I. 

We may conclude that short-eared rabbits breed true within a rai^ of 
fluctuating variability not exceeding 10 mm. 

UATINGS OV LOP-EARED RABBITS INTEX SE. 

Our original stock of lop-eared rabbits consisted of a single pair. Both 
of them gave vigorous young in matings with short-eared rabbits, but not 
with each other. Consanguinity may have been the reason for this lat- 
ter fact. They were obtained from the same source, and doubtless were 
nearly related, as well as inbred. Nevertheless we did obtun from them 
two good-sized and healthy young, <f 179 and 9 180. The former appears 
in many of the crosses to be described, but the latter proved a very poor 
mother, producit^ only occasional litters of young, none of which attained 
matmity. Table 2 shows the only results obtained from mating lop-eared 
individuals irUer se. 

Mating i produced 2 young, one (j 179) very similar to the father, the 
other (9 180) very similar to the mother, but not quite so large and with 
ears 5 mm. shorter. The deviations from the mid-parental ear-length 
are —7.5 and —2.5 mm., respectively, 
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Alating 2 (between brother and sister) produced 2 young, which reached 
the age of 20 weeks. Though they were not large, their ears attained 
a good length, the deviations from the mid-parental ear-length being 
— 5 tnm. and — 2 mm. 

Table a. 



MAnroi. 


UjatHoj. 




Ear- 
length. 


W«ighi. 


Age. 




Ew- 
tongth. 


WdghL 


Age. 


».*■' 


ai7S 


cms. 
4,«oo 

4,oas 

3,4i'> 
3.76s 


Adult. 
Do. 
Da 

Adult. 
Do. 


OlI.priDg (MC 

"■.^ 

9668 

J«»;:;;;;; 
(f67> 


"S-T 

'iS 

190 


4,600 

3,410 
4.005 

»,OIO 

I.S9''' 

1.370 
1.030 
1.900 
1,105 


Adult. 

Do. 
Do. 

Do. 
Do. 


MATnroa. 


9180 

Olftprju, 

(?6i< 

eea 


»>o 
"S 

"3 


3.S87 


Aduh. 
Do. 
Do. 

Mweeki 
E>o. 



Mating 3 (between mother and son) produced a litter of 5 young, which 
grew in^a satisfactory maimer until 14 weeks old (see fig. 3). Then, 
as a result of disease, 4 of them died, and the fifth became greatly reduced 
in flesh, 90 that at 20 weeks of age he waghed 400 grams less than at 
14 weeks of age. Nevertheless his ears continued to grow sbwly. At 14 
weeks they measured 220 mm.; at 20 weeks, 233 mm. 

The rabbit 671 was from the beginning much the smallest one in the 
litter; we named him the "runt" and had hopes of securing from him a 
race of small-dzed but lop-eared rabbits. These hopes were ended by 
the unfortunate illness which attacked the entire litter. The small size 
of this rabbit accoimts for the shortness of his ears (190 mm. at 14 weeks 
of age). Leaving him out of consideration, the range of variation in ear- 
len^^ is 30 nmi.; with him, it is 30 mm., at 14 weeks of age. 

Two of the yoimg produced by mating 3 had already at 14 weeks of 
age exceeded the mid-parental ear-length, a third had almost reached 
it, while the 2 others feU below it. This is a fiuctuating variation around 
the mid-parental ear-length, and indicates that the long-^ared character 
tends to breed true, within a range of variation of 20 (or possibly 30) mm., 
the minus variations, however, probably being greater than the plus ones. 
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CSOSS I. — LOP-EAKXD Feiulx X Shobt-eakxd Uale. 

The largest and longest-eared rabbit with which we have experimented 
was a female obtained by purchase and of unknown ancestry. (See plate i, 
fig. 2.) Her ear-length was 225 mm. and her adult weight 4,600 graxna. 
She was mated with a small-eared angora rabbit (cf 45, plate i, fig. 3), 
whose ear-length was 105 mm. and adult weight 3,000 grams. A litter 
of 8 young was obtained hom this pair. All were reared to an age of 
a months, when 6 were discarded. The remaining 2 were reared to matu- 
rity. One of them ((?248) is shown in plate i, fig. i. The 6 discarded 
rabbits had ears shorter than those of the rabbits which were kept. Their 
ear-lengths are given in table 3 as estimated from the known relation of 
their ear-lengths at 2 months of age to the ear-lengths of rabbits 247 and 
248, the animals kept until adult Table 3 shows that the young obtained 
from this cross are, as regards ear-length, intermediate between the parents, 
but stand nearer the short-eared than the long-eared parent. As regards 
weight, 9 347 is smaller and e 248 larger than the mid-parental condition ; 
the remaining 6 would probably not have exceeded 9 247 in weight had 
they been reared to maturity. Accordingly as regards both size and ear- 
length in this cross the resemblance is greater toward the smaller and 
shorter-eared parent (father). 



Table 3. —Cross i. 






Ear- 
length. 


Wdght. 


Age. 


"^% 


»5 

i6s 

151 
153 
MS' 

;s; 

149 > 

t4Sj 


pni. 

4.600 
3,000 

3.eoo 

3.»90 
3.930 


Aduh. 
Do. 
Do. 

Adult. 
Do, 




Sfj^-p^ui:::: 














^iJ::::::::::; 



Cboss 9. — Shosi-iabsd Fkuale X LoP-BAKXD Male. 
This cross, the reciprocal to the foregoing, was made repeatedly. The 
lop-eared male used (<f 179, plate 2, fig. 8) was a son of the lop-eared 
female employed in cross i. He was, however, smaller than his mother, 
and had ^rter ears. The results of 4 different matings are shown in 
table 4. In mating i there were only 2 surviving young, which there- 
fore were probably the largest and strongest individuals m the litter and 
received more than the average amount of nourishment. One of them 
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surpassed at 18 weeks of age the mid-parental ear-length, while the other 
one almost equaled it. Their weights at iS weeks of age indicated that 
the mid-patental wei^t would be attained at maturity. 



Table 4. — Cross a. 



Matooi. 


MAHNOa. 1 




UDgth. 


WdghL 


Age. 




Eai- 
leacth. 


Weight. 


Aae. 


Pwenia: 

9a«8 

Offapring: 

9S7*' ■''■'■'■'■ 


IS7S 


gmi. 

3.410 
«.84S 

a.3"o 


Adult. 
Do. 
Do. 

iSwceki 
Do. 


Pmnb; 

9105 

°1;.T 

fJ:j::::::: 
SJS::::::: 
■«" 


mm. 

lOD 
155 

ISO 
ISO 
150 

:s 

ISO 


gm,. 

'irt'io 

ijSo 

i-«30 
M70 


Mweeka. 
Do. 
Do. 

g; 

Da 


hlAroma. 


Maiino 4. 


Paienta: 

9S74 

9IS4> 

964* 

9643 


91 
'SI 

140 
"43 

"JO 

ISO 
IS" 
"44 


I.03S 

as 

■.9SO 
1.940 


Adult. 
Do. 
Do. 

Mweeks 

Do. 

Do. 
19 week!. 


Pareati: 

9io8 

^Sf^a^ 
■?*09 


160 

■S8 


»,S»o 
3-4JO 

««6S 

is! 


Do. 

>ow«kt. 

tBmekt. 
Do. 



Under the head of mating 2 are given the results of 2 different litters, 
litter I consisting of 2 rabbits, litter 2 of 4. The weight of the mother 
was surpassed by that of the offspring in 4 out of 6 cases, at the early age 
of 18 to 20 weeks. Three of the 6 young had ear-lengths very amilar to the 
mid-parental ear-length; the remaining 3 had ears somewhat shorter at 
iS or 19 weeks old, and probably would not have attained at maturity 
an ear-length equal to the mid-parental. Litter 2 is shown in plate 2, 
fig. 6; the parents in figs. 5 and 8 of the same plate. 

The 6 young produced by mating 3 were imder-sized at 20 weeks of 
age, which perhaps accounts for the fact that no one of them attained the 
mid-parental ear-length, but all fell from 5 to 10 mm. short of it. 

In mating 4, 2 of the 3 young came within 2 mm. of attaining the mid- 
parental ear-length; the third came within 5 mm. of it. 
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On the whole, the result of cross 3 is a fairly close approximation to 
the mid-parental ear-length. In no case does the deviation from the mid- 
parental value exceed ii mm.; the average deviation from it is only 4.8 
mm. But the differences between the respective parents r&nged from 100 
to 118 mm., and the least deviation of one of die offspring from either 
parent was 45 mm. or more than four times the greatest deviation from 
the mid-parental value. When deviation from the mid-parental value 
did occur, it was oftener under than over the mid-parental value. 

Accordingly, the results observed as regards ear-length may accurately 
be described as a blend. As regards body-size, the data are insufficient, 
since adult weights of the offspring were in no case obtained, but the 
observed weights of the offspring in matings i and 2 indicate that a blend 
might be expected, an intermediate condition having already been obtained 
at 30 weeks of age. 



Crobs 3. — Belgian Habe Fehaix X Loi^eabed Mai^ 
The "Belgian hare" (plate 3, fig. 9) used in this cross was larger and 
had somewhat longer ears than the short-eared rabbits used in crosses i 
and 2. The lop-eared male was father of the one used in cross 2, but had 
about the same ear-length and body-size. A litter of 6 young was ob- 
tained, five of which were reared to an age of 31 weeks or more. In size 
the offspring exceeded either parent, approximating that of the female 
lop used in cross i. Four of the 5 young also exceeded the mid-parentai 
ear-length by from 3 to 6 mm., but the fifth fell short of it by 8 nun. This 
same individual (J 177) showed the least deviation from either parental 
ear-length, viz, 38 mm., or four and a half times the greatest deviation 
from the mid-parental ear-length. 



Table $• — Cross 3. 





k»8tfa. 


Wdght 


Age. 


'^E'^'™?' 


iiS 
164 
170 

\n 
IS* 


fPU. 

4JOS 
4,070 


Adult. 

Do. 

>i weeki. 
Aduh. 


Md-'i^^:;:;:::: 

(Muring: 













Accordingly, in cross 3, as in cross s, the ear-length of the offspring is 
approximately a blend of the ear-lengths of the respective parents. The 
size of the offspring, however, is ^eater than that of either parent, thot^h 
it does not exceed the size of lop-eared individuals other than the father. 
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Cboss 4- — LoF-xAUD Fkmau X Hau-blood Lop Male. 
This cross is a sequel to crosses i and 3, a male rabbit produced by 
cross 3 being mated with the female lop used in cross i. TlUs cross pro- 
duced three-quarter-blood lops, the ear-lengths of which are indicated in 
table 6. 

Table 6. — Cross 4. 





Eai- 
kogth. 


Wdght. 


Age. 


Pttatt: 


■MJ 
186 

;k 
IS 

\-£ 

i8a 
.83 
'95 


put. 
4.600 

3.430 
3.770 

3.9"' 
3.46s 
3.95S 

4.4SO 


Do. 

tSWMkt. 

i6iraeki. 
I jwur. 

>5w«k*. 

iBweek*. 
ijmi. 












Vwo 


litter »- 


f; ' 




93"{pl-3.fi«-tt).. 



The range of variation in this mating is amilar to that observed in a 
mating of this same female with a lop-eared male (see table 2), viz, a 
variation of between 20 and 30 mm. It is difficult to estimate it more 
precisely, because the measurements recorded were made at such differ- 
ent ages. Two of the offspring approximate the mid-parental conditions 
both of ear-length and of weight, tiiese two being ij'319 and ¥323. The 
same is measurably true of a third individual, J 506. But $ 504 and 
9 508 fall conaderably short of the mid-parental ear-length and the 
nud-parental weight; while i 505 and 9 509 considerably exceed the mid- 
parental ear-lei^th, and approximate the mid-parental size. The greatest 
deviation from the mid-parental ear-length is a minus one of 15 mm. 
(recorded at the age of 18 weeks), but a plus deviation of nearly the same 
amount (14.5 mm.) is also observed, though not until the age of a year 
had been attained. The average deviation from mid-parental ear-length 
is 9 mm. The lowest measurement, 180 mm., stands almost exactly 
midway between the ear-length of the father (166 mm.) and the mid- 
parental ear-length 195.5 Tarn.; while the largest measurement (310 nmi.) 
stands midway between the condition of the mother (225 mm.) and the 
mid-parental ear-length. 1;^ 

The result observed in this cross may be described as blending inheri- 
tance, with fluctuation about the mid-parental ear-lei^th, in about the 
same degree as in the case of lop-eared rabbits purely bred. 
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Two of the offspring produced by cross 4 were mated with each other, 
viz, 9 504 and j 506. They produced a litter of 3 young, the character 
of which is shown in table 7. 





Eu- 
length. 


Wdght. 


Ag.. 


Fumtt: 


186 

191 

i8S 


trni. 
3^30 
3.'$" 
3.*90 

*.»SS 
1,900 


Do. 

■9 week.. 


o^: 









The deviations from the mid-parental ear-length are +3, —13, and 
— 4 mm. respectively, which lie within the limits of variation observed 
among lop-eared rabbits purely bred. 

The range of variation is diiefly upward (plus), doubtless because of 
the small number in the litter, which would make the food supply of the 
individual better than usual 

Ckobs 5. — HAU-BI/30D Lop Feicau X Lop Male 179. 

Female 167 was produced by a cross similar to cross 3, in which the 
mother was a short-eared Himalayan rabbit (? 23), and the father the 
male lop used in cross 3. She was mated with bp <f 179 and produced 
3 litters of young, as indicated in table 8. 

The range of variation in ear-length in these 3 litters of rabbits is wide, 
extending &om 165 mm. in a rabbit 7 months old (having full-grown 
ears) to 194 mm. in one only 18 weeks old, or to 300 mm. in one 30 weeks 
old, a total range of 35 mm. The largest minus deviation from the mid- 
parental ear-length is 5 mm.; the largest plus deviation, 30 mm.; the least 
deviation from the short-eared parent is 35 mm., but from the kng-eared 
parent only 10 mm. Hence in this cross ^e long-eared parent is approx- 
imated more closely than the short-eared one. This, however, is not of 
necesaty evidence of Mendelian recessiveness of the character long-ear 
in ? 167. Another and, we believe, better way of viewing the matter is 
this: 9 167 transmitted a greater ear-length than she had herself attained. 
It is known that conditions which influence general growth, during the first 
20 weeks, mfiuence also ear-length. But at 20 weeks of age ear-growth 
is practically complete, although growth in other respects continues some 
time longer. It is possible, therefore, for an animal to be stunted in ear- 
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size and yet to attain a normal or nearly normal general size. It is not 
to be expected, however, that such an animal will transmit to yo\mg reared 
under normal conditions the diminished ear-size which it shows, but rather 
the eai-^ze which it would have attained had it been reared under normal 
conditions. 

Table 8. — Cross 5. 





kngth. 


Wdght. 


Age. 


PaicDU: 


IJO 

170 

IS 

hi 

T. 

X 

170 
m 

\U 
178 


ems. 
3.4JO 

3."40 
3..10 

■SI 

•Ms 

:% 

1,430 

IX 


Do. 

J<.W«k.. 

"St- 

Da 
Do. 

■oiieek*. 

-^ 

Do. 
Do. 
Do. 






litteri — 








Utter 3 — 















Ckosb 6. — Half-blood Lops Mated inter ee. 

The same female half-blood lop already mentioned (9167, cross 8), 
was mated with a male produced by cross i (J248). Their young con- 
stitute an F, generation of half-blood lops. 

In this litter the deviations from the mid-parental ear-length are all, 
with one exception, positive (upward). This result accords with that 
observed among the young of this same mother (7167), in connection 
with cross 5. She evidently transmitted a greater ear-length than she 



The range of variation, 35 mm., while high, does not exceed that found 
among lop-eared rabbits mated inter se, as is clear from a comparison of 
fig. 2 with fig. 3, the former showing growth-curves for lop-eared rabbits, 
the latter for the litter of F, half-blood rabbits under consideration. The 
range of variation in this cross also agrees exactly with that observed in 
cross 5, in which the same mother was mated with a fuU-blood lop. We 
get, therefore, from this case no evidence of Mendelian splitting as r^ards 
the character ear-length. 
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inaeritancb in babbitb 
Tabm 9. 





length. 


Weight 


Ac«. 


PaicDti: 


130 
•S) 
141-5 

140 
-53 
170 
>TS 
140 


fXU. 

3*3° 
3.M0 

".730 

J.170 


Adult. 
Do. 
Do. 

M weeks. 
Do. 

Do. 

















Two of the young produced by cross 5 were mated with each other, 
viz, <f 437 with ? 438. Their young (table 10) vary closely about the 
mid-parental ear-length. 

Table 10. 





Ear- 


Wdght. 


Age. 


PMDii: 


180 


».S!0 
«.5>o 
•.530 

iflTo 
1^30 
.^«o 
i.8«5 


■omekl. 
Do. 

-^ 

Do. 
Do. 




ofMr^'-' 











Another cross 6 mating was obtained between 9 247 and s 248 (pro- 
duced in cross i). The character of the young is shown in table 11. 





vSS,. 


Wdght. 


Age. 


Pmntt: 


IS* 

'S3 
"S"S 

130 
-35 
'35 

130 


tmi. 

3.»90 

I.37S 

IS 

".7SS 


AduU. 
Do. 
Do. 

"If- 

SbmuIw. 


o^; 













Contrary to the result shown in table 9, the yout^ obtained from this 
mating all fall short of the mid-parental ear-length by from 17 to 29.5 
nun., indicating probably conditions of nutrition below the normal, dur- 
ing the period of prindpal growth of the ears, or of the transmission by 
the parents of a condition of ear-length inferior to that which they mani- 
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fested. The young vary in normal fashion about a mean ear-length of 
130.4 nun. The total range is only 13 mm., indicating no Mendelian 
heterogeneity among the gametes produtxd by the parents, though both 
were F, half-tops. 

One of the young produced in this litter (9 400) was mated with the 
lop-eared S 179, table 2, The result is shown in table 12. Six offspring 
were obtained from this mating; they vary rather closely about the mid- 
parental ear-length, though chiefly below it, as we might expect from the 
fact that the mid-parental value ^ven is based upon measurements of 
adults, and that of the young upon measurements at the age of so weeks. 
The total range of variation is 15 mm. 





Table i 


3. 






^ 


Wdj^t. 


Age. 


Pmwu: 


'35 

166 
ifio 

'75 


»,4fc 
»fl3S 

1.680 
1.670 

1.715 

1,T«> 


Smonaii. 
Aduh. 

Do. 
Do. 
Do. 
Do. 



















Female 400 was likewise mated with her father (<;348), producing a 
litter of 4 young, all of which fell below the mid-parentaj ear-lengths. 
(See table 13.) 

Table 13. 





^ 


Wdglit 


*.«■ 


Fucoa: 


US 

>53 

135 

•M 

136 


»»6o 

i.930 
3.445 

1,500 

1.7" 


Do. 
Do. 















The deviations are —9, —7, —16, and —18, average —12.5 mm. But 
the total range of variation is only 11 mm., or scarcely greater than that 
observed among short-eared rabbits. Certainly this result affords no 
evidence of heterogeneity as regards ear-character among the gametes 
formed by the parents, though one was an F, and the other an F, cross- 
bred between the lop-eared and the short-eared races. 
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OTHES MATINGS OF HALF-BLOOD LOPS AND ADDITIONAL CROSS 6 ICATINGS. 

Other matings in which the rabbits 9 247 and s 248 were concerned 
are recorded in tables 14 and 15. 

In mating i (with e 179) $247 gave a fully normal blending result. 
Of the 5 young produced, 2 surpassed the mid-parental ear-length, i 
equaled it, and 2 fell below it. All were intermediate, and the range of 
variation was 14 mm., 01 about one-fourth of the difference between the 
parents. In mating 2 (with 1^319) 9 247 gave a result amilar to that 
which she had given with <; 248. All the young were intermediate in 
ear-length, but all fell short of the mid-parental ear-leogth, by from 3 to 
16 mm. This was not due to consanguinity, for 9 247 and ij'319 were 
not closely related. It may, however, have been due to inferior condi- 
tions of nutrition, perhaps resulting from the large aze of the litter. The 
whole litter seems to have been affected alike, the total range of variation 
among the seven young being only 11 mm. 

Table 14. 



HAinni. 


MATtna >. 1 




kogtfa. 


Wcicht 


Age. 




Euu 
Ingth. 


Wdght 


AflB, 


P«reiil.! 

0«47 

Sji:;:::: 


Vsi 

i 


imt. 

3.»9» 
3.4 "> 
3.3SO 

',50s 


Adult. 
Do. 
Do. 

aoiredi. 

» WMkl. 


0*47 

^^ 

S;a::::::: 
S::;:::: 
S:::::: 


.76 

170 

!S 

173 

171 


3.»90 
3.9SS 
3,6.. 

»Ioao 

IS 

1.700 


Adult. 
Do. 
Do. 

ra weeks. 

Do. 
Do. 
Do. 
Do. 



Male 348 was mated with three different short-eared females, none of 
which was nearly related to him. The results are shown in table 15. 

In mating i, J 248 gives a result like that which he had ^ven when 
mated with his sister (9 247). All but i of the 6 young fell below the mid- 
parental ear-length by from 8 to 19 mm. The shortest-eared one had 
exactly the same ear-length (115 mm.) as the short-eared parent, a result 
unparalleled elsewhere in these experiments except in one case, presently 
to be noticed. The shortness in this case can not be attributed to the poor 
condition or small size of the individual, for it was the largest rabbit but 
one in the litter, a position which it maintained throughout the growth 
period. Apparentiy this individual represents an extreme variate of a 
fluctuating group. The extreme range of variation in this litter was 23 
mm.; the difference between the parents, 38 mm. 
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Mating 2 shows a result more nearly normal Two individuals exceed 
the mid-paiental ear-length by 3 mm., 2 fall short of it 7 mm., and i by 
9 mm. The total range of variation is is mm. 

In mating 3, which produced 2 Utters of young, the variations are again 
chiefly below the mid-parental ear-length, but to no greater extent than 
we mi^t expect, in view of the difference in age between parents and 
children, when measured. In Utter i the deviations are —2, +3, —4, 
and —2 mm., a nearly normal result; but in litter 2, four individuals 
show a deviation of —7 mm., and one a deviation of +3 mm. The range 
in Utter i is 7 mm.; in Utter 2, 10 mm. There is no evidence of hetero- 
geneity among the gametes. 

Table 15. 



Matihoi. 


MAnN0 3. 




lengtli. 


Wci^d. 


Age. 




Eh- 

fcDgth. 


Wdght 


Age. 


PmdU: 


"S 

IS3 
134 

"J 


fMJ. 

3^3« 
3.»90 

i,Sm 

I.7K) 


Addt. 
Do. 
Do. 

Do. 

Do. 
.9-«kt. 
lowccki. 


Pamitf. 

ii>3 


.OS 
>S3 
1*9 

>«r 

IS 

1*7 
130 


gmt. 
1.090 1 
3.93° 

■£ 

'.743 
1.T00 

ii 

I.7TO 


Aduh. 
Dol 
Do. 

Do. 
Do. 

•ow«eln. 

Da 

K: 

Do. 


HAlBfOa. 


Piicntt: 

1,'S :::::: 
?!S:::::: 


9» 
153 

"S 
113 
"S 

>»s 

"S 


>*3S 
3«30 
».93« 

■i 

1,500 
1,930 


Aduh. 

Do. 
Do. 
Do. 



Some other matings which faU in the category of cross 6, and consti- 
tute a second generation (F^ from cross 3, are included in table 16. 

The statistics contained in table 16 are not very satisfactory because 
the observations are made at such different ages, and because, in one case 
at least, that of J 381, a remarkable increase in ear-length is recorded 
subsequent to the age of 18 weeks. For observations made at the same 
age, however, the variabiUty in ear-length is considerable. The range 
of variation in matit^ I, Utter i, isi? mm.; in Utter 3 it is 15 mm.; in mating 
3, it is 18 mm. In generation F„ cross 3, the range of variation was only 
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slightly less, viz, 14 mm. So far, then, as table 16 is concerned, we get 
no clear evidence of heterogeneity among the gametes formed hy the 
cross-breds produced by cross 3. 

Table 16. 



HAnmi. 


MAItMOI. 1 




length. 


Weight 


Age. 




fe. 


Weight. 


Age. 


Pmot.: 

8175 (pL 3. 

ll!l :::::: 

litter t — 


168 

i6o» 
IT"' 

180 

in 


4JOS 
4."8 

1,960 

3."»S 
3^ 

l,MO 

*AtO 


AduU. 
Da 
Do. 

'■^- 

>3 wwki. 

6moDth«. 
I jett. 


Pmienti: 

M!::::::: 

1*1' 

d'474 


168 

.63 

ISO 
"SO 
'SO 


JIW. 

4,070 
4,130 
4,100 

;« 

■.T33 
'.S'S 


Adult. 
Do. 
Do. 

Do. 

gj 

IS weeks. 



The female half-blood^ lop 175 (plate 3, fig. 10) produced by cross 3 
was mated with the three-quarter -blood lop J 437 (cross 5), and produ<»d 
a litter of 5 young, the character of which is shown in table 17. 

Table 17. 





Eu- 
leogth. 


Wel^L 


Age. 


Parent*: 


i 

■So 
'74 
190 


gm*. 

4^5 
«.SSo 
3.>40 
3.7»» 

\is 

1*70 
'.750 
1.790 


Adult ^ 

idult. 

iSweeki. 
17 wei^. 

Do. 
i6wttkt. 
iSwei^. 




°-^.:::: 













These young early (16 to 18 weeks) attained a large me, indicating 
conditions favorable for growth. In ear-length they fluctuated about 
the mid-parental condition, which was exceeded by a individuals, while 
3 fell short of it. All had ear-lengths intermediate between those of their 
respective parents. The range of variation among them at 18 weeks 
was 14 mm., exactly the same as in cross 3, from which the mother was 
derived. The greatest deviations from the mid-parental were —11 (at 
16 weeks) and +s (M '^ weeks). No evidence is afforded of tanusual 
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heterogeneity among the gametes of either parent, althou^ both were 
cross-bred individuals. 

Females 175 and 178 (cross 3) were also used in back-crosses with a 
lop-eared male (179), resulting in the production of three-quarter-blood 
lops. The character of these yoimg is ^own in table iS. 

Table 18. 



Uahhoi. 


— • 1 




Icngtli. 


Wdgilt 


Age. 




lengtlL 


Wdght. 


A««. 


Puenti: 

9'7S 

'^' 

<?w« 

<?«93 


MM. 
.70 
190 

t8a 
iS> 
1190 

f XK. 

.70 


j,7«o 

'.795 
»,o3S 
3.330 

IflOO 


Adult, 
Do. 
Do. 

6 monliu. 
16 weeks. 

Do. 
Adult. 
i6weeki. 


P«KiMi: 

•■" 

°X?: 

a:::;:: 

9S49 

osso 

9SS» 


170 
190 

'95 
>93 


4.070 
3-4'o 
3.740 

1,310 


Mult. 
Do. 
Da 

lomeka. 

16 week*. 

Do. 



The data for mating i are incomplete; but those recorded for mating 2 
are entirely satisfactory. They show a total range of variation in ear- 
length at 36 weeks of 15 nun. which is very similar to that found in cross 
3, by which the mother was produced. The greatest minus deviation 
from the mid-parental ear-length is 5 mm.; the greatest plus deviation, 
10 mm.; the average deviation, 4.6 mm. The nearest approximation to 
the short-eared parent is 15 mm., to the long-eaied parent 10 mm. The 
inheritance may fairly be described as blending, with no evidence of seg- 
regation in F^ 

The half-blood lop (^176 was also employed in a back-cross with his 
mother, the Belgian hare, 9431 (plate 3, fig. 9). Table 19 shows the 
result obtained. 

Table 19. 





El. 
leiWtb. 


Wdght 


*«^ 


Puenti: 


mm. 

118 
166 
I4> 

MS 

«3S 


tmt. 
3*>o 


Do. 

97 week*. 
Do. 
Do. 
Do. 
Do. 














Avence 


'31 


.... 



D,o,l,zedb,GoOgle 
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The offspring fluctuate in ear-iength about the mid-parental condi- 
tion; 2 of them exceed it, 3 fall short of it. The minus deviations, how- 
ever, are greater than the plus ones, precisely as in lop-eared rabbits bred 
inter se (p. 17). The range of variation is 17 mm., which is greater 
than that occurring among short-eared rabbits, but less than that occur- 
ring among lop-eared rabbits. 

Another son of 9 431, own brother to e 176, was likewise mated with 
his mother. This male (177, cross 3) had ears 10 mm. shorter than those 
of his brother (J 176). The mid-parental ear-length, accordingly, was 
only 137 mm. Two young only were reared to an age of 30 weeks, and 
each of them had an ear-length of 135 mm. 

Further tests of the half-blood lop females 175 and 178 are afforded 
by the crosses recorded in table 20, with a related three-quarter-blood 
k)p mate (319) produced by cross 4. 

Table ao. 



UAnrai. 


— ■ 1 




length. 


Wdght. 


A«e. 




^ 


Wdght. 


Age. 


•■IS 

"li:::::: 


IJO 
MO 

"8S 


4,30s 

3.9S5 
4,'30 

■,400 

3.3 SO 


Adult. 

Do. 
Do. 


PMliU; 

966o 

!«■.-■■■ 

S:::::: 


170 

»og 

18S 

>95 
191 

IS 


gm. 

4,070 
3>95S 
4,011 

>,IOO 

>.75o 


Aduh. 
Do. 
Da 

Mweek*. 
Do. 

3SS 



The young produced by mating i are all intermediate in ear-length 
between their parents. One ( ? 674) exactly attains at 30 weeks of age 
the mid-parental ear-length, a seO)nd ( J 67S) would doubtless have done 
so had he not fallen into bad condition at attout 13 weeks of age. Previous 
to that he had been one of the largest and longest-eared rabbits in the titter. 
Of the remaining 2, both of which developed normally and were of targe 
size at 30 weeks of age, one exceeded the mid-parental ear-length by 7 mm. 
and the other fell 10 mm. short of it, approaching to within 5 mm. of the 
ear-length of the short-eared parent. The range of variation (17 mm.) is 
not excessive, and the result may be described as a fully normal blend, with 
no indication of heterogeneity among the gametes of the cross-bred parents. 

Mating 3 yielded 3 litters very different in character and illustrating 
rather strikingly the influence of external conditions on growth. Litter 
I consisted of 2 young only. They were bom in summer and developed 
imder optimum conditions as regards food supply. At 30 weeks of age 
they had attained large size and had ear-lengths exceeding by 6 and 10 



Digitized byGoOgIC 



BAB-SIZE 31 

mm. respectively the mid-parental ear-length. Litter 2, on the other hand, 
was bom in the winter. It consisted originally of 8 individuals. The 
3 weakest ones in the litter died, one previous to, the other subsequent 
to weaning. The 4 largest ones were stolen, leaving 2 survivors, (f 754 
*^ J 755, both of which when last measured gave evidence of having 
been permanently stunted in size and ear-length by the hard conditions 
under which they had developed. They are too abnormal to throw any 
Ught on the inheritance of ear-length in this cross. 

UATINGS OF THR£E-QUASTEB-BLOOD LOPS. 

The male 319, employed in the matings last described, was also used 
in crosses with short-eared rabbits and with a three-quarter-blood lop, 
his sister. The results of the crosses with short-eared females are shown 
in table si. 

Table ai. 



HATINO I. 


Maidto a. 




Ear- 

IcDgth. 


Wdght 


Age. 




length. 


Weight. 


Age. 


Uttaa: 

Va«8 

dWa 

9663 

<f664 

s»s 


mm. 

'S» 

'55 
III 

i 


gmi. 

3,955 
3.1 '7 

'.X 

M50 

a.joo 
>.S7S 


Adult. 
Do. 
Do. 

Do. 
Do. 

Mweeki. 

Do. 


ParcDU: 

I'OS 

^^-TJ: 

<?T*4 

<J^« 

V7«* 

<?746 

d"746A 


■5° 

;s 

MS 
"47 


gmi. 

3.9SS 

1.900 
a.170 

'WO 

1.900 


Do. 

K> weeks. 
Do. 
Do. 
Do. 
Do. 
Do. 



The 7 young produced by mating i fluctuate about the mid-paiental 
condition of ear-length. The greatest minus variation is 11 mm., the 
greatest plus variation 8 mm., giving a total range of variation of 19 mm. 
This is not large, considering that the difference between the parents is 
95 mm. The greatest deviation from the mid-parental, 11 mm., is 36 
mm. removed &om the nearest parental ear-length, that is, it is less than 
one-third as great as the least deviation from either parent. The inheri- 
tance is unmistakably blending. Even more clearly is this the case in 
mating 2. The parents differ in ear-length by 100 mm. The young are 
all almost exactly intermediate. The entire range of variation in the 6 
young is only 5 mm., while the nearest approximation to the ear-length 
of either parent is nine times this amount. A better example of fully 
blendmg inheritance can scarcely be imagined. In neither mating do 
we get evidence of heterogeneity among the gametes formed by the three- 
quarter-blood father (;3i9). 
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32 INHERITANCE IN RABBITS 

It is of interest to note that both the mothers employed in matii^ i 
and 2 were employed also in cross 2, with the lop S 179. In that case, 
also, they gave a distinctly and fairly uniform blending result. 

Male 319 was mated also with his sister ( ? 322), producing a litter of 
only 2 yotmg. These closely resembled their parents in ear-character. 
(See table 32.) 

Table ai. 





length. 


Weight. 


Age. 


Fanats: 


19s 
19JS 

goB 

190 


gm. 

4ASO 
3.9SS 

4, Mil 

i,6So 
".950 


Adult. 
Do. 
Do. 

16 weeks. 




wSd^parenui:::: 

Offspring; 







The latest measurement recorded for one of them {?78o) was made 
at 16 weeks of age, but already she had attained an ear-length of 190 
mm. At maturity she would doubtless have equaled or exceeded the mid- 
parental ear-length. The other one (9 779) did exceed the mid-parental 
ear-length at ao weeks of age by more than 10 mm., and she exceeded by 
8 mm. the ear-length of the bng-eared parent. Her size also at 20 weeks 
of age was very large, viz, 2,680 grams. This unusually great plus vari- 
atioQ was doubtless due in part to extremely favorable conditions during 
the growth period, especially during the period of lactation. During 
that period the mother's milk was divided among 3 young only, but i of 
these died soon after the young were weaned. At the last measurement 
recorded, its ear-length was a little less than that of 9 780, while in size 
it was inferior to both 9 779 and 9 780. 
Table 33. 





Ear- 
length. 


Weight. 


Age. 


Funti: 


>95 

»s 

MS 

"9S 
190 
'9S 


sua. 

4.4SO 
3-«>o 
3*3" 

m6q 
=".785 

l,t90 

« 

>,oBo 
».«3S 


Adidt. 
Do. 
Do. 

aow«eki. 

33 w«^ 
>5<nekt. 


B;;^-:-. 
0^: 











The same three-quarter-blood female (322) which was mated with 
d^ig (table 33) was mated also with the lop <; 179, producing a Utter of 
seren-eighth-blood lops. (See table 33.) Two of the 4 young reared had 
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EAR-SIZE 33 

at 35 weeks of age ear-lengths identical with those of the respective parents, 

viz, of 195 and aio nun. The other two had intermediate ear-lengths 

of 200 and 205 mm. respectively. This is a fully normal blending result. 

The total range of variation is 15 mm. In both ear-length and size the 

young are ^milar to those produced by the mating with d'319 (table 3a). 

Cross 7. — Quabtee-blood Lop Femalb x Shobt-eaked Male. 

Three different quarter-blood lop females, 521, 523, and 534 (table 18), 

produced by a mating of the Belgian hare with her son (d* 176), were 

mated with a son of the same Belgian hare by an unrelated short-eared 

male. (See table 14.) The outcome of these matings is shown in table 34. 

Table 34. 



MATINO I. 


Matino 3. 




Ear- 

leagtb. 


Weight. 


Age. 




Eu- 
length. 


Weight. 


Age. 


Pamib; 

95" 

'''^- 

98h ::::;: 

9|'3 

98.S 


141 

116 

13s 
"S 

"S 


ims. 

1.945 
»,9'o 

"."SO 


»7 weeks. 
Ailult. 

ao weeks. 
Do.. 

BS: 

Do. 
Do. 


Parents: 

esM 

"«■ 

W:::::: 
n^S:;::::: 


i>8 
"9 

"S 

"5 
116 
134 


gmt. 
i,.6o 
".94S 
».SS> 

i,6«. 

i:S 

IAS" 


17 weeks. 

M weeks. 
Do. 
Da 
Da 
Do. 


Mazhm.. 


FarcDta: 

95" 


13s 

IM.S 

"S 
"S 


S,S30 

»*4S 

M3* 

1,300 
s,JSO 


>7 weeks. 
Adult. 

» weeks. 
Do. 



The offspring show, as regards ear-length, a rather wide range of vari- 
ation, 20 nun., which is nearly two-thirds of the difference in ear-length 
between the parents. The average ear-length of the offspring corresponds, 
in each litter, closely with the mid-parental ear-length, the plus and minus 
deviations being, except in matii^ 3, about equal in number and amount. 
In mating i, 3 of the 6 young have approximately the mid-parental ear- 
length, but 2 show minus deviations of 6 and 11 mm. respectively, and i 
shows a plus deviation of 9 mm. 

The 3 young produced by mating 3 were of large size at 20 weeks of 
S'ge, indicating conditions of nutrition above the average. The ear-length 
of each exceeds by 2.5 mm. the mid-parental ear-length. 

The 5 young produced by mating 3 show 3 minus deviations of 3 and 4 
mm. respectively, and 3 plus deviations of 2, 6, and 15 mm. respective^. 
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Ckoss 8. — QuASTEm-BLooD Lop X Thbke-quartek-blood Lof. 
A single mating of this sort produced a litter of 3 young, all very sim- 
ilar and close to the mid-parental ear-length. (See table 25.) The 
observations were discontinued when the young were 14 or 16 weeks old, 
but the mid-parental ear-length of the parents, when they were 20 weeks 
old, had already been closely approximated. The deviations were —3, 
— S, and -5 mm. If growth progressed normally from the age of 14 or 
16 weeks on, they would surely have attained the adult mid-pareatal 
ear-length, viz, 167.5 "^m. 





Table 


25- 






Em- 
length. 


Wcight- 


Age. 


ParcDU: 


130 
'35 
'95 

MO 

1 '67-5 
160 
■ST 
"57 


a.540 
3.330 
».»3S 
3,010 

IJOO 

I.4S0 


Mwceki. 

Neutr grown. 
14 weeks. 
i3 weeks. 




Mid-putnul.... 

^iS?«: 









LIHTTATIONS OF THE DATA STUDIED. 

In attempting to draw conclusions from the statistics presented in the 
foregoing pages, one must bear in mind certain of their limitations and 
imperfections. 

(1) Ear-length is modified to some extent by external conditions. If the 
young rabbit is well nourished up to the age of so weeks, its ear-length 
will be greater than if it is poorly nourished, other conditions being equal. 
While we have attempted to give our rabbits the best of care at all sea- 
sons, it is inevitable that the quality of food supplied at different seasons 
of the year should vary, and with variation in the quality of the food goes 
variation in the growth rate. This renders it difficult to compare with 
each other, as regards ear-character, rabbits reared at different seasons 
of the year. But it has been impossible for us to rear enough rabbits at 
any one season to afford adequate material for comparisons. Hence we 
are forced to utilize material produced at different seasons of the year. 

(2) Size of litter is of some consequence in determining the growth rate 
of a rabbit If there are several young in a litter each gets a smaller 
amount of food during the period of lactation than it would have received 
had the litter been smaller. Our material, however, is not extensive enough 
to aUow us to institute comparisons merely between litters of substantiaUy 
the same size. 
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(3) It is the belief of fanciers that a wann, moist atmosphere, during 
the period of active growth of the ears, favors the attainment of large 
ear-size. This view we have not been able to put to an experimental 
test, but we are inclined to think that the temperature and humidity are 
much less important factors than abundant food supply. 

(4) Rabbits of the small, short-eared races have a shorter growth period 
than the larger races. Their ears aie more likely to be full-grown at 30 
weeks of age than are those of lop-eared rabbits. Therefore, in comparing 
rabbits of different ancestry at the same age, say 20 weeks, one is in dan- 
ger of underestimating the ear-length of the larger-sized rabbit. 

(5) A cross between rabbits of entirely different races is likely to result 
in young of unusual vigor, which causes them to attain a greater weight 
and ear-length than the hereditary constitution of either race by itself 
would result in. This is illustrated notably in cross 3, page 20. Supe- 
rior size or ear-length, induced by crossing, we should not expect to be per- 
manent in later generations. 

(6) Disease frequently interrupts the orderly progress of a growth-ciure 
and necessitates the omission altogether of certain series of observations. 

CONCLUSIONS. 

Notwithstanding these limitations, which manifestly restrict the scope 
of our conclusions, certm generalizations are clearly justified. 

(i) A cross between rabbits differing in ear-length produces offspring 
with ears of intermediate length, varying about the mean of the parental 
ear-lengths. 

(2) It is immaterial whether the larger parent was father or mother; 
the result is the same in either case. As regards ear-length, then, we may 
say, reciprocal crosses give the same result. This shows that ear-aze is 
a character inherited with equal intensity through father or mother. 

(3) A study of the offspring of the primary cross-brcds shows the blend 
of the parental characters to be permanent. No reappearance of the grand* 
parental ear-lengths occurs in generation F„ nor are the individuals of 
that second generation as a rule more variable than those of the first gener- 
ation of cross-breds. Fig. 3 shows the most extreme case of "scatter" in 
F, that we have observed. Yet the variation m this case is no greater 
than among the young of lop-eared rabbits bred inter se. 

(4) The extreme range of variation in ear-length among short-eared 
rabbits is about 10 mm. ; in lop-eared rabbits it is two or three times as 
great, or from so to 30 mm. Among rabbits produced as crosses of vari- 
ous sorts between short-eared and lop-eared rabbits the range of varia- 
tion m ear-length is mostly intermediate in amount. 

(5) The form of the growth-curve for ear-length from the age of a weeks 
on is convex upward, indicating a steady diminution in the duly growth 
increment 
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PART II WEIGHT. 



Our statistics for aze inheritance are not very satisfactory, because we 
were unable to keep any considerable number of rabbits until they were 
full grown, owing to the smaUness of our breeding room, so that a targe 
number of weighings of adults is not available for purposes of compari- 
son. But the size of a growing rabbit varies greatly with the character 
of its food, and this in turn is dependent upon a variety of conditions 
which it was not possible for us fully to control A comparison of the 
weights of growing rabbits at corresponding ages is, therefore, not alto- 
gether satisfactory, yet it is the best material we have. 

In tables i to 25 the latest available weighing, or the heaviest weight, 
is recorded for each rabbit. But since the weighings there recorded were 
made at very different ages, it is necessary to select some particular age 
at which to make comparisons. The age of 18 weeks has been selected, 
because the weighings for that age are most numerous. 

In table 36 are shown the average weights, at 18 weeks of age, of 
different lots of rabbits, each lot containing those of like ancestry. The 
number of individuals in each lot is also shown in the table, as well as 
the greatest range of variation in weight found in any litter of each lot. 
The statistics in table 26 are fullest for those crosses (left section) in which 
ordinary short-eared rabbits were concerned. The average weight of such 
rabbits, in a lot of 17 individuals, is seen to be 1,413 grams. For lop- 
eared rabbits it is something over 1,743 grams, the weight given in the 
table from observations on 2 rabbits. This weight, however, has been 
exceeded at 14 weeks of age by a majority of the lop-eared rabbits which 
we have reared, so that it is certainly too low. 

The lots of rabbits, partly of short-eared, partly of lop-eared ancestry, 
have mtermediate weights, the weight tending to increase with increase 
in the proportion of top blood. The variability (range) in weight, which 
was found to be twice as great in lop-eared as in short-eared rabbits, is 
intermediate in the cross-bred lots, increasing with increase in the propor- 
tion of lop blood. 

Both the position of the averse for each lot, and the amount of variation 
within it, indicate that weight-inheritance, like the inheritance of ear- 
sdze, is blending in character. Neither dominance not segr^^tion in 
the Mendelian sense are rea)gnizabk. 

The Belgian hare crosses and mixed crosses, recorded in the last sec- 
tions of table 26, show, in general, results sin^lar to those given by the 
crosses with short-eared rabbits, but many of the averages are less rdiable 
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because based on too few individuaJs (in 4 cases, a single litter each time). 
The Belgian liare was heavier than the short-eared stock used, and it 
will be seen that, in all cases, her descendants exceed in size animals of 
the short-eared series having a like amount of lop blood. Further, a 
mixture of short and Belgian blood tends to produce a rabbit intermedi- 
ate in weight between those of the short and of the Belgian series, respec- 
tively. (See table 26, right section.) All these observations confirm the 
idea that body-weight is a character blending in its inheritance. 

Table a6. — Siae at iS weeks of age of rabbits of different proportions of top 
"blood," from crosses with shorl-eared, with tke Belgian hare, or with both. 



Lop blood. 


Sbon-tmd. 


Belpan hare. 


TltithI 


t^ 


varia- 
tion JD 
wdght. 


iQdivid- 
uabiob- 


Average 
weight. 


Mm. 

tionin 

WMghl. 


Individ- 
udsob- 


w^b^! 


Max. 

TUU- 

donin 

wdghl. 


Individ- 
uabob- 




'.59" 
1.463 

>.6S. 

".743' 


grni. 
3'S 
345 

31S 
410 
495 


■7 

;s 

35 

17 

7 


.,7*8 

•.96s 
1,940 
1.954 
1.936 


pnt. 
6a7 

ilio' 
Sio 
590 


5 

.... 


gms. 

",754 


tmt. 

MS 

575 
4M 


» 


8:Sa;:::: 

One-h^ 

gS: ::::::::: 


Gen. a 

Both 

Seren-dgbtlu ... 





I This it cerUiD^ too low, for in litter 70, table a, matiiig 3, it waa surpuacd by tbree of tba 
five rabbits of the litter, alieady at 14 weeks of age. The avenge given (1,743) ia for the two ani- 
maU, d'<79 and fi tSo (table 1, mating i). 

■At 14 weekx. 

When the parents differ in size, the young are dearly of intermediate 
size, but our observations are too incomplete to show in most cases whether 
the size is midway between that of the respective parents or not. Prof. 
W. C. Sabine has kindly pointed out that if linear dimen^ons give a mid- 
parental condition (the mean of the respective parental conditions), then 
we should expect the weights to be less than Uie mean of the parental 
weights, provided the proportions of parts are the same in all cases. But 
the proportions of the parts are different in the two parents, when rabbits 
of dififerent aze are mated with each other, and the proportions in the off- 
spring are unmistakably intermediate between those of the respective parents. 

This, perhaps, accounts for some of the peculiarities observed in com- 
paring wei^ts of the rabbit 3 248 with those of his parents, and with 
the mid-parental weights. All three rabbits were fully grown (2 or more 
years old) when the observations were made, and these are fairly com- 
plete. The maximum body-weight recorded for J 248 was somewhat 
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in excess of the mid-paFental (table 27), but since he shows a less per- 
cent^ of bone to total body-weight than either parent it is probable 
that the excess is due in part at least to some temporary condition (fat- 
ness). If he showed a mid-parental percentage' of bone to body-weight, 
and this would possibly be the case if all 3 rabbits had been in like con- 
dition, as regards fatness, then his weight should be something less than 
the mid-parental weight, or about 3,326 grams, instead of the mid-parental 
weight (3.800) or the observed majdmum weight (3,930). But in the 
absence of more extensive observations, we can not be certain that the 
percentage ratio of bone to body-weight is a mid-percentage. The ques- 
tion must remain an open one until further data can be accumulated. 

Table 37. — Relation between bone-weights and total body-iveighl in the 
rabbit S 948 and in his parents. 





Bonc- 
wdght. 


^£ 


Percent 
bone- 
wdsfat. 


OldOlop 


fHU. 

77-'S 

Itil 

49-7 


3.000 
3.*»o 
3.930 


i.'>6 


500.^.48 



As regards bone-size, however, we can reach more satisfactory conclu- 
sions, for this character is unaffected by temporary conditions of the flesh. 
In table 29 are recorded bone measurements of this family of rabbits, 
which show the measurements of the son ( <? 248) to be close to the mid- 
parental as regards both absolute measurements and proportions of parts. 

In table 38 are recorded observations upon the weight and volume of 
certain bones of these same rabbits. Both in weight and in volume the 
bones of the son are less than the mid-paxentaL This is what we should 
expect if the bones of the son correspond with the mid-parental in linear 
dimensions and in the proportions of parts; for linear dimensions should 
be to each other about as the cube roots of the volumes and weights (pro- 
vided the specific gravity is alike in all three cases).' On this hypothesis 
"expected weights" and "expected volumes" have been calculated for 
the son, and these are entered in table 28 in a parallel column, along with 
the observed weights and volumes. It will be noticed that the "expected" 
uniformly exceed the observed weights and volumes. The expected, to 
be sure, is less than the mid-parental, but the observed is still less. As 
regards the total weights of the parts observed, a graphic presentation is 
made in fig. 4 of the relation of mid-parental to expected and observed. 
The expected falls below the mid-parental by a cert^n amount, but the 

' Tbe KTcentagcs given are bued upon the combined weights of puticuUr bones, not of all the 



iwdfic gnvi^ of the bono of the ion (1^148) 
■bout 1. 19 for tbe aoo, i.io ka the mother, nnd i 



,>6 for the falha. 
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observed falls below the mid-pareiital by about three times that amount. 
It is in fact removed from the mid-parental only a little less than from 
the weight of the smaller parent. It is difficult to explain this ezten^ve 
deviation, but it imdoubtcdiy exists and is apparently fairly uniform, 
though possibly the method of computing the "expected" magnitudes is 
faulty. The computation is made in the following way. The cube 
root of the wei^t for each parent was found. These two roots were then 
added together, and their half-sum found, which was then cubed. 



0. 4. Relation of the bone-weights of rabbit 348 to those of his parents and to the mid- 
parenta] bcme-weights. If distances ai« laid oS from a point at the left proportiona] t~ 



E, tbe expected bone-weights of the sc 

Observed and expected deviate in the same sense from the mid-parental, 
that is, are less, but the tmiform difEerence in amount between observed 
and expected is something requiring fuller analysis. 

Table 38. — Weights and vdumes of skdOal parts 0/ 3 348 in r^alion 

to those of his parents. 

[Mother, old female lop; father.tf^j; taa,d^48. Plate 1, fi^ 1, 3, i) 



Part. 


Wei«hiaofbone>(grun9). | 


Mother. 


Father. 


Mid- 
paieutal. 


1 


Ob- 

MTved. 


peeled. 


from ex- 
pected. 


Deria- 
tionof 

mid- 
parentaL 


Devia- 
ti<mof 

bom 

mid- 

paientaL 


Humerus 


.11 
JiL 

i? 


3.1 
J-9 

S-4S 

3' 


tfs 

7-"7 

6,»s 

S07 


J-7 
7-5 
.6.1S 

S-4 
3-9 


7-'3 

S-9 

4.7 


-0.7 
-OS 

-0.7 


-0.5 
-0.14 

-0-3S 
-0.3 


-o.ej 
-1..7 


Tibia-fibula 


iarib*(ofoiievde) 

Vertebm 

I to6 

Jtou 

Total, I (OK, 

TotiU, counting 
wdgktofyen^ 
Iot once only. 


3-3 

til 


S-3S 


4-« 
S-95 


"3-7 


-0.44 

-0.6s 


-0.31 

-o.S» 
-O.S 


-0.7s 

-1.17 
-..77 


36-0 


■7.S 


a6.7S 


='3-'>S 


»S-S 


-a-4 


-i.»S 


-3-7 


T7-'S 


39-35 


S8.a4 


49.7 


SS-43 


5SB 


«.64 


8.S4 




Humenli 


9.1 
71 




fU 1 i:< 




-O.SS 


-o.»o 
-0.1s 


-0.7s 
-o-SS 

-O.SS 


Tibia-fibula 


5'5S 


SO 
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PART III. — SKELETAL DIMENSIONS. 



Skeletons were prepared of certain of the rabbits concerned in this 
series of experiments, and upon these several series of measurements were 
made. The most complete series are recorded in tables 39 and 30. 

In one case (cross i, table 3) the skeletons of both parents were pre- 
served, as well as that of one of the fully-grown yoimg, viz, <? 348. The 
measurements of this animal (recorded in table 29) are approximately 
intermediate between those of his respective parents. They include 7 
different skull measurements and 7 of other parts, chiefly bones of the 



The skull of the lop-eared rabbit is relatively much longer and more 
slender than that of short-eared rabbits. (See plate 4.) The proportions 
of half-blood lops (like their absolute dimensions) are intermediate, cor- 
responding closely with the mid-parental or mean of the parents in this 
respect. (See table 39, ratios.) 

The limb bones are shorter in proportion to the length of the innominate 
bone in lop-eared than in short-eared rabbits. In this particular also 
part-blood lops are intermediate. (See tables 39 and 30, ratios.) 

In the case of the rabbit <f 248, table 29, the deviation from the mid- 
parental measurements or proportions in no case equals one-fifth of the 
different^ between the parents; in most instances it is much less. In this 
animal the inheritance of skeletal dimensions and proportions is unmis- 
takably blending. 

Measurements of another haU-bkx>d lop (9167) are recorded in table 
30. The mother's skeleton was not preserved. She was a short-eared 
rabbit similar to S 45. If, then, the inheritance was blending also in the 
case of 9 167, her measurements and proportions should resemble those 
of ^ 348, table 29. This, it will be observed, is the case. 
''^Measurements of a third half-blood lop (S 178) are recorded in table 
30. The father of this rabbit also was the old male lop, table 30. The 
mother was the Belgian hare (7431, table ia). In size and proportions 
of parts the Belgian hare occupied an intermediate position between the 
lop-eared and the small short-eared races used. Accordingly it is not 
surprising to find that the half-blood daughter (9 178) deviates from the 
other half-blood lops examined, both in absolute measurements and in 
proportions of parts, being more like lop-eared rabbits than they are. 
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INHERITANCE IN RABBITS 



A sister of ? 178, viz, $ 175 (table 5), bad a son (J 493) by the lop- 
eared male 179. This last-named rabbit was a son of tlie old female lop 
whose skeletal measurements are recorded in table 39 and of the old male 
lop whose skull measurements are recorded in table 30. His own skele- 
ton was not preserved, nor was the skeleton of 1 175 preserved, but if 
each was in skeletal character the mean of its parents, and if their son 
(1^493) was intermediate between them in character, we should expect 
his measurements to resemble the dimensions entered in column 4 of table 
30. A comparison of this column with the next one shows that such was 
the case. 

Table 39. — Bme measurements of- J 348 and of kis parents. 



notter). 



I. Total length of ikull . . 
!■ Length, iiid«orto,palate 

induave 

]. Length, ocdiiital to 

puate indnuve 

4- WiddiiUiterioTtoorbit. 
5. Width, poMeHor to orbit 



Wdlh, at Buditorv bii 
Length lugal ardi . 
Length lower jaw . 

Length tenur 

Length tibia 



a: 






A brother of 9 178, viz, J 176 (table 5), was mated with the old female 
lop and had yoimg which are described in table 6. One of these was the 
three-quarter-blood lop ? 504. Certain of her skeletal measurements are 
recorded in the last column but one of table 30. Her skull unfortunately 
was accidentally destroyed in preparation. If <f 176 had skeletal measure- 
ments like those of his sister (9 178) we should expect the daughter (9 504) 
to approximate the dimensions entered in column 6, table 30, which is 
the case. In fact, however, cf 176 had ears less long than those of bis 
sister, and it is probable that his skeletal dimen^ons also were less, which 
would account for the fact that 9504 falls somewhat below the skeletal 
dimen^ons given in table 30, column 6. 
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BKELBTAL DIHEN8I0NS 



The measurements made upon the 2 three-quaxter-blood lops (J 492 
and 9 504) indicate that in their production, as in that of half-lops, the 
inheritance of skeletal dimensions is blending. 

It would be premature to conclude that such is the case in all mammals. 
Farrabee (:o5) has shown that in man hypophylangia (2-jouited fingers and 
toes) is associated with an abnormal shortness of the anus, legs, and trunk. 
It would seem that all the skeletal parts are abnormally shortened. In- 
heritance in this case is clearly not blending, but alternative. Some dis- 
continuous alteration has evidently occurred in the growth-character of 
cells that form the skeleton, just as in the activities of the follicle celb in 
long-haired mammals (see Castle and Forbes, : 06). It would be of inter- 
est to know whether such is the case also in bantam fowls and Shetland 



Table 30. — Bone measurements 0/ rabbits. 



A 



Three- 



I. TottI tength of «kull . . 

a. Length, iadion to pal- 

Me indtuiTe 

3. LeaMh, ocdpit*] to 

puate iadtulTe 

4. Width, anttdoT to orbit. 
c. Width, posterior to orbit 

6. Width, St Buditoiybull« 

7. Length lug*l taai 

a. Length lower jaw 

9. Length femur 

10. Length tibia 

11. Length ulna 

13. Length radiui 

14. Length innominale . . . 

Ratio: 

S*o « 



ii.7 



■'SS 



Aside, however, from such unusual cases, it seems probable that skel- 
etal dimensions, and so proportions of skeletal parts, behave in general 
as blending characters. The linear dimensions of the skeletal parts of 
an individual approximate closely the mid-parental dimen^ons. 

Volume and weight magnitudes, however, follow a different law, which 
has not yet been clearly made out. It is plain that they are less than the 
mid-parental magnitude. (See Part II.) 
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It is probable that in plants, as well as in animals, linear dimen^ons 
are in general blending in their inheritance. In regard to the height of 
maize, Lock (:o6, p. 130) says: 

Some of the strains which were made use of were unifonnlf much taller than others. In Fi 
the height of the crtss-breds between such strains was obviousl)' intermediate. In a number 
at cases the cross was made between Fi pUnts and the shorter of the parental types. The 
offspring of this cross showed no such segr^alion into short and intermediate plants as was 
to be expected i( Mendel's law held good. On the contrary, the plants produced were re- 
marfcablj' uniform in height. 

This account agrees precisely with our observations upon the inheri- 
tance of linear dimensions in rabbits. 

The obviously blending inheritance of height in this case does not con- 
tradict the known Mendelian behavior of the growth-habit in such plants 
as the sweet pea, where Bateson (confirming Mendel) has shown dwarfness 
to be alternative with taUness. Dwarfness is plainly such a discontinuous 
variation in plants as is hypophylangia in man, and its inheritance is quite 
different trom that of ordinary variations in height. The former is a 
discontinuous variation, Mendelian in its uiheritance ; the latter belongs 
to a series of continuous variations, and is blending in its inheritance. 
In a dwarf plant the intemodes are shortened throughout the entire 
plant, just as in a case of hypophylangia there is a general shortening 
of the skeletal parts. 
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PART IV. — COLOR. 



COLOR VARIATION IN RELATION TO COLOR FACTORS. 

A pFeliminary discussion of color variation in the rabbit was made by 
Castle (: 07a). Since that paper was written several obscure points have 
been cleared up. Id the light of our present knowledge an attempt will 
be made to describe, in terms as simple as possible, the color varieties 
of rabbits and the mode of their production. 

The gray pigmentation, common to wild rabbits, is complex in its nature, 
and all other color varieties are relatively simpler. The gray coat results 
from the joint action of several independent color factors; dl other types 
of pigmentation result from a weakening or entire loss of one or other of 
the several factors concerned in producing a gray coat. In other words, 
cobr variation in the rabbit is wholly retrogressive. We are able to recog- 
nize the existence in the gray coat of the rabbit of 8 independent factors. 
To assume the existence of so many factors will probably seem to some 
absurd; at first it seemed so to us; but we have been forced step by step 
to the assumption that they exist as the simplest way of explaining the 
observed facts. 

The factor hypothesis was first introduced by Cu^not (: 03) to explain 
the latent transmission of pigment characters through albinos; it was devel- 
oped independently by Tsdiermak (103) to explain similar phenomena 
(kryptomerism, the existence of hidden factors) in beans; and has been 
further extended by Bateson (:o6) and his associates. 

The 8 color factors which are recognizable in the case of the gray rab- 
bit, and the symbols which we shall use to designate them, are as follows: 

Symbol C. A common color factor necessary to the producdon of all 
pigment, wanting only in albinos. 

B. A factor for black, some substance which acting upon C 

produces black pigmentation. 
Br. A factor for brown, some substance which acting upon C 
produces a chocolate-brown pigmentation. 

Y. A factor for yellow, some substance which acting upon C 
produces ydlow pigmentation. 

I. An intensi^ factor, which detennines whether the pigmenta- 
tion sh^ be intense (as in black and in yellow), dilute 
(as in blue and in cream), or of some intermediate d^;ree 
of intensity. 

A. A pattern factor which causes the black or brown pigments 
to be excluded from certain portions of the individual 



Digitized byGoOgIC 



46 INHEEITANCE IK RABBITS 

hairs, where yellow then shows. A "ticked" gray coat 
results. When this factor is present the under surfaces 
of the rabbit (tail, belly) are unpigmented (white). The 
symbol, A, stands for agouti, this factor having first been 
demonstrated in the "agouti" guinea-pig. (See Castle, 
:o7.) 

U. A factor for uniformity of pigmentation (in distioctioi) from 
spotting with white, S). 

E. A factor governing the extension of black and of brown pig- 
mentation, but not of yellow. When most restricted in 
distribution the black or brown pigments are found in the 
eye and in the skin of the extremities only, but not in the 
hair, when more extended they occur also in the hair 
gen^^y. 

DEVELOPHENT OF THE FACTOR HYPOTHESIS. 

Scientific hypotlieses, to be of service, should be as simple as posable. 
Therefore no unnecessary assumptions should be made. To assume 
the existence in gray rabbits of ei^t independent color factors requires 
justification. 

The Ckniral Color Factor, C. 

The existence of a color factor (C) was first suggested by Cu^not (: 03) 
to explain how it is that albinos transmit in crosses the particular colors 
which were borne by their pigmented ancestors. This common color 
factor being acted upon by specific substances (perhaps color enzymes) 
produces specific pigments, such as black, brown, or yellow. No hypoth- 
esis simpler than this has been suggested, nor any other which adequately 
accounts for the observed facts. 

Tax SPEcmc Pioicent Faciobs, B, Br, mid Y. 

The existence of separate factors for black and for brown pigmentation 
is shown beyond question by the results of crossing black with brown 
varieties, in guinea-pigs and in mice. In rabbits a brown variety is not 
known to us personally, though we have been informed that such a vari- 
ety exists in continental Europe. 

The existence of a separate factor (Y) for yellow pigmentation can 
scarcely be questioned, in view of the fact that the yellow pigmentation 
is as regards distribution quite independent of both black and brown, 
remaining extended throughout the fur when they are restricted to the 
eyes and the skin of the extremities. 

The Intbnsity Factor, I or D. 

The existence of an intensity factor was first annountsd by Bateson 
(; 06) as having been demonstrated by Miss Durham in the case of mice. 

For guinea-pigs and rabbits we are able to confirm completely Miss 
Durham's discovery. Since dilution or concentration of pigment is a 
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property transferable from one pigment (as black) to another (as yellow), 
it is evidently due either to some modification in C, or else to an indepen- 
dent factor. But it can not be due to C, since it is transmissible through 
an- albino, which by hypothesis lacks C. We are forced to conclude that 
it is transmitted throu^ some independent faftor, which we shall desig- 
nate I, intensity; it is alternative with D, a state of dilution (as in the blue 
modification of black, or the cream modification of yellow). 

Thk Factor fob a Piohknt Pattern or. the IxDivtouAL Hadi, A. 
Evidence for the existence of a factor (A) governing the pigment pat- 
tern of the individual hair has been presented elsewhere (Castle, loyo). 
It was first recognized in the case of the guinea-pig (Castle, :o6) as an 
essential factor of the "agouti" coat, indeed as the only feature which 
differentiates the ^outi variety from black. Hence the symbol A (agouti) 
was adopted to designate it. Cu^not (104) employed the symbol G to 
designate in mice the agouti or gray coat, and designated black by a differ- 
ent symbol, but he failed to recognize that gray is simply black plus a 
second factor. Hence his G equals B (black) plus A. Hurst has inde- 
pendently discovered the existence of the A factor in rabbits (Proceedings 
Seventh International Zoological Congress, unpublished) . In the guinea- 
pig, a new color variety, cinnamon-agouti, has been deliberately produced 
tbrou^ the agency of the independent &ctor A. (See Castle, : og.) 

Tbx Factor for VmroRMiTy or Piomkntahom, U, ok Spotttmo with Wmn, S. 

The iactoT V (uniformity of pigmentation) is alternative with spotting 
with white, S. Its existence was first est^lished by Cufnot (: 04). Like 
I, the intensity factor, it may be regarded as a modifier of C, though not 
identical with it; for U and S are transmissible through albinos, which 
themselves have no pigmentation and which by hypothesis lack the fac- 
tor C. U is also demonstrably independent of any particular color, for 
qwtting with white is transferable in crosses from one color variety to 
another, as, for example, from black to yellow. 

Thr Factor w 

The assumed factor E is a modifier of black and brown, biit not of 
yellow pigmentation. It is alternative to R, a restricted distribution of black 
and of brown pigments, in which distribution they are confined to the eyes 
and to the skin of the extremities. The distribution of yellow pigment 
(Y) is wholly unaffected by this factor. When black and brown are 
restricted, yellow remains as the principal or even as the exclusive pig- 
mentation of the hair (yellow varieties). 

That E really exists as an independent factor, and not as a condition 
merely of black or of brown, is shown by the following experimenL If 
one crosses a brown ("chocolate") guinea-pig with an ordinary yellow 
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one (black-eyed), the young are black pigmented, but in F, 4 varieties 
are obtfuned, viz, black, brown, bladi-eyed yellow, and brown-eyed 
-yellow. The case, at first thought puzzling, is entirely plain if we con- 
sider the distribution independent of the kind of pigment. In the original 
cross extended brown was combined with restricted black. Extension 
dominated restriction, and black dominated brown, but in F^ black and 
brown each occurred both in the extended and in the restricted condi- 
tion. Plainly the case is one of Mendelian dihybridism, in which two 
independent pairs of alternative characters are concerned. 

The extension factor (E) may be replaced, not merely by the extreme 
condition (R) in which black and brown pigment are absent from the fur, 
but also by conditions of restriction less extreme, in which spots of black 
(or brown) occur on a background of yellow. Such intermediate con- 
ditions (E', E", etc.) are heritable, and are alternative with E and R, 
respectively. In some of these intermediate conditions the spots are of 
large size and sharply Umited, in others the spots are numerous and smalL 
Each condition has a tendency to breed true, t. e., is alternative to other 
conditions of E. 

INTERSELATIONS OF FACTOKS E AND D. 

Spotting with black or brown on a yellow background is independent of 
spotting with white, though the two may coexist. The one is due to a 
modification of E, the other to a modification of U. When E and U are 
both unmodified the animal isof course black (or brown) pigmented all over. 
When U alone is modified (and occurs in condition S), the animal is black 
(or brown) but spotted with white. When E is modified (to E' or E*) 
but U is unmodified, the animal is spotted with black (or brown) on a 
yellow background, but is devoid of white. When both E and U are 
modified (to E' or E' and to S, respectively) the animal bears two differ- 
ent sorts of colored spots on a white background. The spots are either 
black and yellow or brawn and yellow, and constitute with the white 
background on which they lie the so-called "tricolor" condition, well 
known in the case of guinea-pigs, dogs, cats, and mice. 

It is a singular fact that spots of black and of brown do not occur on 
the same animal, so a 4-colored condition is never attained. The reason 
for this is apparent, if the hypothesis stated in this paper is correct. The 
distribution of black and of brown is controlled by the same factors, E and 
S, so that when black and brown are present together, their distribution 
is the same, and black because of its greater opacity covers up the brown. 

The "black-and-tan" dog is, we believe, an apparent, not a real, excep- 
tion to this generalization; for the "tan" is not a chocolate-brown pigment 
such as is found in the brown water-spaniel, but merely a yellow pigment. 
The black-and-tan dog is not a spotted dog, but is a black dog plus a color- 
pattern, similar to the agouti-pattern of guinea-pigs and rabbits. In 
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this pattern black is largely excluded from the lower surfaces and from 
a spot over each eye, where yellow then shows. The correctness of this 
hypothesis is shown by the existence of this same pattern among brown- 
pigmented dogs. The brown-and-tan has chocolate-brown pigment above 
and tan (yellow) below, as well as a spot over each eye. It bears the same 
relation to self-brown that black-and-tan does to self-black. On this 
interpretation brown-and-tan is brown plus pattern, and biack-and-tan 
is black plus pattern. If, then, brown-and-tan is crossed with seU-black, 
black-and-tan offspring should result in F„ and in F, there should be 
obtained black-and-tan, brown-and-tan, self-black, and self-brown, in 
the proportions 9:3:3:1. The experiment is commended to dog breeders. 

INTERRELATIONS OF FACTORS B, Br, AND Y. 

Returning, after this digression, to a consideration of the interrelations 
of the three pigments, black, brown, and yellow, the fact seems clearly 
established that black and brown are closely related but alternative con- 
ditions dependent for their distribution upon two factors, which we may 
designate E and S, whereas yellow is dependent for its distribution solely 
upon one of these two factors, S. It would seem probable, therefore, 
that in the genesis of the hair pigments, yellow is a first product of the 
interaction of C and Y, which may or may not be further modified to pro- 
duce brown or black, depending upon whether certain other factors (B and 
Br) are or are not present. The amount and distribution of the yellow 
pigment produced is conditioned by a factor which may assume phases 
U, S, S', etc. The amount of the yellow pigment which is converted into 
black or brown and its distribution is conditioned by another factor which 
may assume phases E, £', etc., to R. 

Gametic SntocrinLB and Vaxiatioh. 

A diagram like those employed by the organic chemist may help to show 
the relationships to each other of these 8 assumed pigment factors. 

C, the general color factor, is indispensable ^ b 

to the manifestation of any of the others. All | / \ 

the others may be represented as linked ^ " ^ Y E 

directly or indirectly with it. E, however, is j « 

a modifier of B and Br alone, and is there- 
fore joined with them alone in the diagram; and since B and Br are 
assumed to act only after Y has acted, they are represented as joined 
with it. 

Homozygous gray rabbits, wild ones for example, possess and transmit 
all these 8 factors in each of their gametes. The diagram, therefore, 
expresses their gametic composition. A homozygous black rabbit lacks, 
of all these 8 factors, A alone. A yellow rabbit has R (restricted) in place 
of E (extended black or brown), but otherwise is like the gray, or else the 
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black rabbit. Those with A and those without A are, however, visibly 
different. 

Theoretically, if each factor is capable of independent variation, 256 
different gametic combinations should be possible. In reality we are 
acqu^ted with iS visibly different color varieties, and we have evidence 
that 48 different gametic combinations are capable of realization. This 
leaves still a wide discrepancy between theoretical and known, and leads 
to the conclusion cither that many as yet unknown mutations are pos^ble 
in the rabbit, or that couplings may exist among these factors which pre- 
vent their independent action. 

We have evidence of independent variation on the part of the factors 

A, C, I, U, and £, each of which has in one case or another either been 
lost or been replaced by the alternative condition already described; but 

B, Br, and Y are unvariable; at least we have not ourselves seen evidence 
among rabbits of independent variation on the part of these factors. 
There can be no question, however, that both in the guinea-pig and in 
the mouse such variation has occurred, resulting in the complete loss of 
B from the gamete, and it is possible, as elsewhere stated, that such a 
change has already occurred among European rabbits. Supposing, how- 
ever, that B, Br, and Y are all constant constituents of the rabbit gamete 
and that each of the five others may be either present or absent, the num- 
ber of different gametic combinations theoretically possible becomes 33. 
We have reason to believe that this entire assortment is produced and 
that 16 other ones also occur owing to a second and different sort of vari- 
ation in factor C. 

Gametic and Zyoonc Formula. 

The diagram given on page 49 was intended to express the known aggre- 
gate of independent factors which a pure gray rabbit transmits in each of 
its reproductive cells (gametes). In producing a new individual each re- 
productive cell must unite with another reproductive cell, the two together 
forming a zygote. An individual resulting &om the union of two gam- 
etes of like constitution will be double as regards each hereditary factor. 
It is known as a homozygote (Bateson). This double condition we might 
express by a subscript , following the symbol for each factor indicated. 
We should then have a zygotic formula for the individual. 

But it sometimes happens that a gamete unites with another gamete 
having a composition slightiy different from its own — one which, for 
example, lacks one or nx>re factors found in itself. The zygote produced 
is th^ a heterozygote and will be double as regards certain factors, but 
sin^ as regards others. But in sexual reproduction, as is well known, 
there is a return ftom the double to the single condition. So that when 
a heterozygous individual attains sexual maturity, it forms gametes each 
of which contains the factor double in the zygote, but as regards those 
which were angle in the zygote, half the time they will be present, half 
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the time absent from the gamete (or if not absent, then represented by 
an alternative condition). This is simply another way of stating the funda- 
mental Mendelian principle that heterozygotes do not breed true, but 
form at least two different kmds of reproductive cells. 

The breeder has to deal always with individuals, and oidy indirectly 
with gametes. Therefore zygotic fonnulse are to him quite as important 
as gametic fonnuls. Accordingly in what follows we shall endeavor to 
give the zygotic formula of each variety described. Its breeding capac- 
ity may qui<^y be inferred from an inspection of its zygotic formula. Each 
factor which is double in the zygote will be represented in every gamete 
formed, each factor which is single in the zygote vriU be present in only 
half the gametes formed, or will be represented by the alternative (reces- 
sive) condition expressed in the zygotic formula by a symbol in paren- 
thesis. 

The zygotic formula of a gray rabbit which breeds true (an ordinary 
wild one, for example) is B,Br^^jC,I,U,Y„ and the interrelations of 
these factors, as at present imderstood, may be expressed in a diagram. 

Other gray rabbits are single (or heterozygous) as regards one or more 
of the factors enumerated in this formula, though none of them lacks 
altogether any one of these 8 factors. When a factor drops out altogether 
a new color variety is produrad. New color varieties have undoubtedly 
originated in this way in the past, and are still domg so at the present 
time. A maturation division in which the two components of a double 
factor should fail to separate (as they do normally) might be the starting- 
point of a new color variety, sin<% it would result in the production of a 
gamete which lacked a particular factor. Abnormal maturation divi- 
sions, therefore, may be the immediate cause of color variations. 

COLOS VASIETIES OF THE RABBIT. 

It is impossible to make a scientific classification of the color varieties 
of the rabbit without discarding or modifying some of the names now 
in use; for many of these names are either without significance or are 
misleading. From a perusal of the literature of the rabbit-fancy, we are 
unable to decide what certain named varieties are, and it is more than 
likely that we are not acquainted at first-hand with many varieties known 
to the fancy in Europe. All such cases must necessarily be omitted, for 
the present, from our classification. 

For convenience we may recognize 4 general color types, viz, (i) gray, 
(3) black, (3) yellow, and (4) white. Each of the pigmented varieties 
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(gray, black, and yellow) may have either intense or dilute pigmentation 
(disregarding intermediate shades, which, however, exist and are heri- 
table) . Further, each may either have uniform pigmentation or be spotted 
with white (disregarding differences in the fineness of the spotting, which, 
however, exist and are heritable). Further, the yellow may have either 
pigmented or white under surfaces. Even with categories so inclusive 
as these, the number of visibly different pigmented varieties rises to i6, 
and since albinos may either have or not have pigmented extremities, the 
total number of visibly different varieties mounts to i8. 

There is every reason to suppose that each of these i8 varieties may be 
obtained in a homozygous condition. Most of them, indeed, have been 
so obtained in our experiments. But for each homozygous condition 
there are possible several heterozygous conditions. An enumeration of 
all these is unnecessary, as the number is truly stupendous. With 5 inde- 
pendently variable characters (the number known to be independently 
variable in the rabbit) the number of different zygotic combinations theoret- 
ically possible is 243. 

We shall content ourselves with enumerating the 18 different known 
gametic combinations, and in giving examples of a few of the different 
zygotic combinations. 

Gray Type. 
(i) Gray, found in wild rabbits; gametic composition — 

T /\ 

A C Y E 

I \ / 

1 Bi 

(a) Blue-gray, same as the foregoing, with the substitution of D (dilute) 
for I (intense). 

(3) Spotted gray, same as 1, with the substitution of S (spotted) for U 

(uniform pigmentation). 

(4) Spotted blue-gray, same as a, with the substitution of S for U. 

Black Type. 

(5) Black, same as i without A, namely, 

"f /\ 



(6) Blue (». e., dilute black), same as 5, with the substitution of D for 1. 

(7) Spotted black, same as 5, with the substitution of S for U. 

(8) Spotted blue, same as 6, with the substitution of S for U. 
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Yellow Tttpe. 

(9) Yellow (with white belly and tail), same as i, with R (restricted) 

substituted for E (cxteDded black or brown pigmentatioii}, namely, 

y /\ 

A C Y^ R 

! \b/ 

(10) Cream (t. «., dilute yellow), same as 9, with D substituted for I. 

(11) Spotted yellow, same as 9, with S substituted for U. 

(12) SpHitted cream, same as 10, with S substituted for U, 

(ij) Sooty (yellow with pigmented belly and tail), same as 9 without 
A, or as 5 with R substituted for £, namely, 

y /'\ 
y-\/ 

I Br 

(14) Pale sooty, same as 13, with D substituted for I. 

(15) Spotted sooty, same as 13, with S substituted for U. 

(16) Spotted pale soo^, same as 14, with S substituted for U. 

White Tvpz. 

(17) White (wholly unpigmented), in any of the foregoing 16 varieties 

with C omitted. 

(18) Himalayan white, a pink-eyed albino variety differing from 17 in 

appearance, in having black pigmented extremities (nose, ears, 
feet, and tail) and in having fur of a creamy white, not of a soowy 
white as in 17. Those with which we have experimented seemed 
to be of the formula' — 

I /°\ 
! \./ 

That is, they were black pigmented rabbits (see 5) in all points except C. It 
would seem that we must assume the presence of C in some form in an animal 
which like these does bear a certain amount of pigment. Nevertheless this C 
is not the same as the C found in dark-eyed pigmented varieties, for a cross of 
Himalayan with other albinos produces do dark-eyed oflspring, and gives no 
increase of pigmentation over that found in the Himalayan parent, but rather a 
diminutioQ of it (see Castle, -.0$). If, then, we assume C to be present in the 
Himalayan, it must be m a greatly modified form, as compared with its condi- 
tion in dark-eyed animals. This is why we use C rathw than C in the formula. 
The factors E, I, and U, were all found to be present in our Mimalayan rabbits, 
but not A, for crosses of Himalayan with homozygous gray gave only gray in 

< April, 1909. HimalBywi nbbits have now been produced whidi conuin tina factor A. Tbe^ 

b>ve extremitiM leu heavilr ~' -■-•--- --'•- nt... __j.i._.^-i. 1^. 
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F„ and in F, gray, black, and Himalayan, but no other varieties. Whether it 
is possible to associate A with the other factors found in a Himalayan rabbit 
remains to be demonstrated. 

The reader will naturally expect some concrete evidence in support of 
the gametic composition ascribed to the various color varieties in the fore- 
going enimieration. To a consideration of this we may proceed immedi- 
ately. It would be wearisome to describe in detail all the experiments 
which have been made in the investigation of this matter. They have 
involved the production in various sorts of matings of some thousands of 
rabbits. It will suffice, we think, to cite from our experiments certain 
matings which were of such a nature as to test the validity of our hypotheti- 
cal formulx. 

ZYGOTIC VAHUTION WITHIN EACH COLOR VABIETY. 
GKAY. 

The formula has already been given of a gamete which transmits the 
coat characters of a wild gray rabbit. It cont^ns, as we have seen, 8 
distinct factors. Such a gamete might be produced by gray rabbits of 
many different sorts, all of which look alike but breed differently, *. «., 
which have a different zygotic composition. 

(i) The first sort which we will consider is homozygous (double) as regards 
each factor which entera into the composition of the gamete transmitting gray. 
Its zygotic formula is BxBr,E^C,I,U,Y, (compare diagram, p. 51}. Every 
gamete which it forms transmits, therefore, all the components of a gray coat. 
This is the condition found in ordinary wild rabbits. One of our original stock 
(rf rabbits (?43i)> a Belgian hare, was of this sort In a variety of crosses she 
produced only gray offspring. 

Table 31. — \faiings and young cf 9 4it, the Btighn hare. 



Mating. 


Gny 
young. 




S 
3 

7 










>S 





The matings with g $6 and •} 8 indicate that she did not cany albinism as 
a recessive character; the mating with the yellow rabbit shows that she did not 
carry yellow as a recessive character. The yellow rabbit in question was found 
by oiba tests to be heterozygous in the pattern factor A. Consequently the 
Belgian hare was almost certainly homozygous in that factor; otherwise half 
the young produced in this mating should have been black instead of gray. 

(3) A second sort of gray rabbit produces (when mated with animals like 
itself) gray offspring and black (Hies, but produces none of other color varieties 
in any kind of mating. It differs from variety i only in regard to the factor 
A, in which it is heterozygous (single). Its zygotic formula accordingly is 
BJBr,E^Cy,U,Y,. In half its gametes the A factor is transmitted along with 
all the other 7 factors; in half its gametes the factor A alone is wanting. Gray 
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rabbits of this sort are readily produced by mating a gray rabbit with a black 
one. A rabbit of this sort produced in a slightly different way was our gray 
eT aoo5, which, when mated with a sooty yellow (? 1471), produced a litter of 
3 blade and a gray young; likewise our gray cf 2004, which, when mated with 
sooty yellow ? 1491, produced 5 black and 5 gray offspring (exactly the expected 
equality of blaclis and grays). Many Belgian hares are of this second variety 
("throwing blacks," as wdl as grays, but not other colors). 

(3) A third sort of gray rabbit produces (when mated with animab like itself) 
albino offspring as well as gray ones, but none of other colors. It is heteroz)^us 
(dn^) in C, but otherwise homozygous. Its formula is B^rjE^CI,UjY,. 
We have at the present time some rabbits believed to be of this kind, but diey 
are as yet not fully tested. Hurst (:o5) also describes rabbits of this variety. 

(4) A foiuth sort of gray rabbit produces ' young of the varieties gray, black, 
and white only. It is heterozygous (single) m A and C, but not in other factors. 
Its formula is B3r,E^CI,U,Y,. It is represented m our rabbits (9 1161 and 
cf 1173) produced by a cross between a white rabbit (of gray ancestry) and a 
heterozygous gray one. Mated with each other these two produced 17 young, 
distributed as follows: 10 gray, 3 black, and 4 white (expected 9:3:4). Male 
1173 was mated also with a while female of black parentage (9 789), uid pro- 
duced 3 gray, 5 black, and 2 white offspring (expected 1:1: a). 

Rabbits differing from variety 4 only in the respect that the albinos which 
they produce are of the Himala3ran type are represented in our gray <f 48, and 
9 49 tutd 9 50. They were produced by the mating of the Belgian hare 9 431 
with a Himalayan (j 8). The result of their matings inter se is given in table 33. 

Table 3a. — Matings and young 0/* J 48, gray. 



MatiDgs. 


You-w- 1 


Gr.,. 


Blmck. 




Withe 


9 
'5 


5 

S 


I 






U 


10 


13 





of 9:3:4, ^TJngiathiieMe >;:9: n. 

- The formula of such rabbits may be expressed by adding the symbol C to 
the formula as given for variety 4, viz, B»Br,E»AC(C')IjU,Y,. 

Table 33. —Matings and young of gray 9 175. 



MBting. 


Youna. 1 


Gr.y. 


YeUow. 


BlMk. 


mftJm.gra)' 

mui<?437j, gwy 




'3 

S 


I 


39 
3 


1 


I 







(5) A fifth sott of gray rabbit produces young of the varieties gray and yel- 
low, but none of otha colors. It is heterozygous (single) in the extension factor 
E, canying as an alternative (recessive) character R (restricted distribution of 
Mack and brown pigments). Its formula accordingly is B^r,£(R)A,CjIjU,Ya- 
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It is represented in our gray J aoyi, which, when mated with a sooty yellow 
female (9 i4'4)t produced 4 gray and 3 yellow young. This variety is repre- 
sented likewise by 9 175 and J 176, borne by the Belgian hare (9 431) in a 
niating with the old yellow lop male. 

Female 175 was not actually mated with a black rabbit, but, had she been 
capable of producing black offspring, she should have done so in the matings 
with s 177, a rabbit that did produce black young. Male 176 was mated with 
two does known to be capable of producing black offspring, with the result 
shown in table 34. 

Table 34. — Matings and young of j 176, gray. 



MUiDg. 


Gny. 


YeUow. 


BUck. 


With old eiop, S0017 .... 

'"'^r'::i::::: 


8 
3 


3 


; 





(6) A sixth variety of gray rabbit produces gray, black, yellow, and sooty 
yellow offspring, but none of the other colors. It is heterozygous both in E 
and in A. It differs from variety 5 only in being heterozygous instead of 
homozygous in A. It may readily be produced by crossing yellow with black, 
or gray with sooty yellow, the result of these two crosses being identical. The 
formula of this variety is B^r,E(R)AC,I,U,Yr This variety is represented m 
our gray rabbits ((7 177 and 9 178), which were borne by the Belgian hare (9431) 
in the same litter as the rabbits of variety 5 already described, viz, 9 175 and 
S 176. Another rabbit of this variety was the gray 3 505. 

Table 35, — Matings and young of d 177, gray. 



Mating. 


Gray. 


Black. 


Yellow. 


Sooty. 


Wi^ 9^S^J (""^ S) ■ 


S 

3 

9 


3 


3 


I 


With OijS^my (rariity 6) . 





Why rabbits 177 and 178 should differ in breeding capacity from their brother 
and sister, 176 and 175, is readily explamed. The father was heterozygous as 
regards factor A. To 175 and 176, he transmitted it; to 177 and 178, he did 
not But all four received this factor from their mother, a homozygous gray 
rabbit (9 431). Hence 175 and 176 were double in A, but 177 and 178 were 
smgle as regards A. Evidence for the classification given erf rabbits 177 and 
178 is shown in tables 35 and 3d. 

(7) A seventh variety of gray rabbit should produce young of the varieties 
gray, yellow, and white, but none of other colors. It should diBa from variety 5 
in being hetero^gous (smgle) in C. Its formula would be B^r^(R) A,CI,U,Y,. 
We are unable to cite an undoubted example of this variety, though it could 
probably be produced by crossing variety 3 with variety 5, as well as in several 
other ways. 

(8) An eighth variety bears the same relation to variety 6 that 7 does to 5. 
It is of the formula B;Br,E(R}ACI,U,Y„ and it produces youDg of the 5 visibly 
different classes — gray, black, yeUow, sooty ydlow, and white. This variety 
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is represented in rabbits d" 1160 and 5 ii7i,bomin tbe same litter with 9 n6i 
aod i 117a ot variety 4 (p. 55). When mated with each other they produced 7 
gray, i black, 2 yellow, i sooty, and 5 white young. Other rabbits <^ thb variety 
were produced by the Belgian hare (9 431) in a mating with an albino rabbit 
(<f 56). These gray rabbits {2 males and 3 females, 332 to 236), when mated 
inter se produced 17 gray, 5 black, 6 yellow, 2 sooty yeUow and 6 white young, 
the expected Mendelian proportions being 27 : 9 : 9 : 3 : 16. When mated with 
albinos these same gray rabbits produced 9 gray, 6 black, a yellow, and 16 
white young. The zygotic composition of the albino mates in this case is not 
fully known, so that the theoretical proportions of the pigmented young can 
not be stated. The albinos are as expected approximately half the total young, 
and all expected col6r varieties are represented except sooty yellow. 
Table 36. — Matings and young of 9 178, gray. 



M.tlDg. 


Gray. 


BUck. 


Yellow. 


Sooty. 








I 


I 






W'thcfsos. gray (variety 6)1 

Tout for last two matiDsi 






3 


(?) 








3 


6 




Total for last two matiDei 


? 




7 


6 





■ Pliu 3 yellow or aooty, died young. 

For simplicity the young of all s gray rabbits are grouped together m the 
foregoing account. In reality, however, one of the males was heterozygous in 
factor U, and at least i male and i female were heterozygous in factor I, as is 
shown by the facts (i) that several of the young produced in matings with white 
individuals bore spots of white, the whitest of all being belted with white ("Dutch 
marked"); and (2) that one of the gray offspring of the gray parents was of a 
pale blue-gray color. 

(9) The gray rabbits just described, which produced a blue-gray young one, 
in reality belong to a ninth variety of gray rabbit, indistinguishable in appear- 
ance from the other eight, but producing a different assemblage of young, viz, 
dilute-colored as well as intensely colored young in each of the pigmented vari- 
eties, and also albinos. The whole assemblage of visibly different varieties is 
gray, black, yellow, sooty yellow, blue-gray, blue, pale yellow, pale sooty yellow, 
and white. Not all of these varieties were obtained directly from the pair 
of rabbits in question, doubtless because too small a number of young was 
produced, but in later generations all were obtained. Thus from the single 
blue-gray individual, when mated within the same family, were obtained blues, 
pate sooties, and pale yellows, as well as individuals of normal intensity. The 
zygotic formula trf this ninth variety of gray rabbit is B^r,E(R)ACl(I))Y,U,. 
Since it indicates a heterozygous condition in 4 character-units, we should 
expect a pair of individuals of this formula to produce 16 different gametic 
combinations. Eight of these are represented in the enumerated 8 classes of 
pigmented young, 8 others would occur among the albinos which would differ 
from the pigmented classes in the absence of C, but all of which would look 
alike, though breeding differently in crosses with pigmented animals. 
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(lo) The gray rabbit which produced spotted oHspring in crosses with albinos 
was undoubtedly hetefoq^us in r^^ard to the factor U, for experience has shown 
0n agreement with Hurst, :o5) that untfonn pigmentatioD is in the main domi- 
nant over spotting. We might then lecognize as a tenth variety one of the 
fwmula B^r^{R)ACI,U(S)Y,. 

(ii) H^ the rabbit in question produced pale-pigroented as well as qx>tted 
young (and such we have since derived from this stock of rabbits), we should 
need to modify the formula as given by writing 1(D) instead rf I,, ». e., intense 
(dilute recessive). The formula of such a rabbit would be 

B^r^(R)ACI(D)U(S)Y,. 
This indicates a heterozygous condition as regards 5 character-units, and 
rabbits oi this formula should be unable of producing 33 different gametic 
combinations, 16 of which would be visibly expressed in different pigmented 
varieties, while an equal number lacking the factor C would produce albinos 
visibly alike but gametically different. 

If, then, we were to carry to its logical conclusion the enumeration of 
the conceivable different varieties of gray rabbit, all alike in appearance 
but all different in breeding capacity, i. t., of different zygotic formula, 
we should need to mention 32 varieties: 8 of these would correspond with 
the first 8 which have already been enumerated and the existence of which 
has (except for variety 7) been demonstrated, namely: 

(1) Gray producing gray only. 

(9) Gray producing gray and black. 

(3) Gray producing gray and white. 

(4) Gray producing gray, black, and white. 

(5) Gray producing gray and yellow. 

(6) Gray producing gray, black, yellow, and sooty. 

(7) Gray producing gray, yellow, and white. 

(8) Gray producing gray, black, yellow, sooty, and white. 

Eight other varieties would produce the same sorts of young as these 8, 
but would produce in addition dilute pigmented ones of the same color 
types, t. «., blue-grays as well as grays, blues as well as blacks, pale yellows 
(cream) as well as yellows, and p^ sooties as well as sooty yellows. 

The 16 remaining varieties would produce the same sorts of young as 
the 16 varieties aheady described, but would produce spotted as well as 
uniformly pigmented (self) individuals. 

Table 37. 



Colw. 


ObKrred. 


Expected. 


fe:::;:;::;:;:::: 

Y«Uow 

Soo^ 

ilr"':::::::;;::: 


•i 

16 




Cium 

Pik KMj 
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Not every one of these 3a varieties of gray rabbit has actually been 
demonstrated to exist in the course of our experiments; 10, however, which 
we have shown to exist, have already been mentioned, and several others 
are known. For example, by crosses of black with pale yellow (cream) 
or of blue with yellow, we have obtained grays which produced the same 
sorts of young as variety 6, and in addition blue-grays, blues, creams, and 
pale sooties. Such was the character of our gray females 1413, 1457, 1535, 
1536, and 3009. By a male of like character they have produced young 
as shown in table 37. 

Other gray rabbits produced by the same crosses, black X cream, or 
blue X yellow, produce the same assortment of young, and in addition 
albinos. That is, they are like variety 8, but heterozygous in intensity of 
pigmentation. These gray rabbits, females 1423, 1443, and 1505, and 
males 1351 and 1458, mated inter se, have produced yoimg as indicated in 
Uble 38. 

Table 38. 



C«tor. 


ObMTnd. 


Expected. 


&:::::::::;::::: 

Yellow 

Sooty 

ilr^':::::::::::: 

Craun 


30 

8 
(?) 


"7 
9 
9 
3 
9 
3 
3 


whitT^. :::::::;::: 



The category yellow is probably too large because of a failure on our 
part to discriminate between yellow and cream, a difference which at first 
we failed to record. It is possible also that albion young were not enu- 
merated in all the records which we have combined, and so albinos are 
apparently deficient in number. 

It is needless to go farther in the enumeration of zygotic varieties of gray 
rabbits. There is little doubt that the entire 33 varieties theoretically 
possible could readily be produced; or we have found that a spotted 
coat may be transferred from one color variety to another by means of 
crosses, and the same is true of a dilute condition of the pigmentation in 
contrast to intense pigmentation. It is known also from a variety of 
sources, including besides oiu* own observations the valuable experiments 
of Hurst (:os), that albinism may occur as a recessive character in any 
and all color varieties of rabbits. Additional evidence seems to be desir- 
able chiefly as concerns the assumed factor E; therefore, we may proceed 
to the consideration of color varieties other than gray, in the course of 
which this evidence will be produced. 
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BLlTE-GSAy. 



A blue-gray rabbit differs from a gray one only in the intensity of its 
pigmentation, which is always dilute. As regards the intensity factor, 
therefore, it is invariably homozygous, D„ since D is recessive to I, whereas 
a gray rabbit may be either homozygous, I„ or heterozygous, I (D). Con- 
sequently only half as many zygotic combinations are possible among blue- 
gray as among gray rabbits, i6 instead of 32 being the maximum. 

The 16 conceivable varieties of blue-gray rabbits, all of which should 
be similar in appearance but different in breeding capacity, are: 

(i) Blue-gray producing only blue-gray; formula, B,Br,£^C^,U,Y,. 
(3) Blue-gray producing blue-gray, and blue; formula, B^rjE^C,D,U,Y,. 

(3) Blue-gray producing blue-gray, and white; formula, B^rj£,A,CDjU,Y,. 

(4) Blue-gray producing blue-gray, blue, and white; fonnula, B,Br,E^CD,U,Y,. 
(s) Blue-gray producing blue-gray, and cream; formula, B^rjE(R)AjC,D,UjY,, 

(6) Blue-gray producing blue-gray, blue, cream, and pale sooty; formula, 

B^r,E(R)ACy),U,Y,. 

(7) Blue-gray producing blue-gray, cream, and white; formula, 

B^r,E(R)A,CD,U,Y,. 

(8) Blue-gray producing blue-gray, blue, cream, pale sooty, and white; formula, 

B^r,E(R)ACD,U,Y,. 

The 8 remaining varieties would be identical with these, except for the 
factor U, in which they would be heterozygous, U (S), producing spotted 
as well as self-pigmented young. 

Three blue-gray rabbits, all females, have been tested, and each of 
these is of a different zygotic formula. 

Female 389, the original blue-gray individual, proved to be of variety 
4. When mated with d 248, a black animal heterozygous in £, C, and 
I, ». e., of formula B,Br,E(R)CI(D)U,Y„ she produced gray, blue-gray, 
blue, and white young, all the expected classes except black being produced. 
The observed numbers of the young and the expected proportions are 
given in table 39. 

Table 39. 



Colot. 


Ohierwl. 


Eiptrted. 


Gimy 

ItST',:;;:;;:;:::: 




9 

J 


While 



Female 656 was of variety 2, heterozygous in A only, as is shown by 
table 40. 

Of the 4 males with which 9 656 was mated, all but d* 1340 produced 
albino young in other matings. This indicates clearly that 9656 was 



Digitized byGoOgIC 



not heterozygous in C. The matings with males 402, 1340, and 248 
show that she was hontozygous in E. 



Table 40. — Matings and young of blue-gray 9 656. 


Matins. 


Gray, 


Blue- 
gray. 


BUck. 


Blue. 




5 


3 


I 


3 











Female 1437 was either of variety 6 or else of variety 8, i. e., she was 
known to be heterozygous in E and in A, but was insufficiently tested as 
regards C. Mated with blue <J 1434 she produced 2 blue-gray and i pak 
sooty young and i pigmented animal of uncertain character. 



Black rabbits, as we have already observed, difFer from gray ones only 
in the factor A, which they lack completely. 16 different zygotic com- 
binations are theoretically possible among them. 

(i) Black producing nothing but black; formula, B,Br,E,C,I,U,yj (compare 

diagram, p. 5a). 
(3) Black producing black, and white; formu 

(3) Black producing black, and sooty; formul \. 

(4) Black producing black, sooty, and white; f( Ui^r 

(5) Black producing black, and blue; formuL ^ 

(6) Black producing black, blue, and white; fc U,Yf 

(7) Black producing black, blue, sooty, and ] 

B^r^(R)C,I(D)U,Y,. 
(S) Black producing black, blue, sooty, pale sooty, and white; formula, 
B,Br^(R)CI(D)U,Y,. 

The 8 remaining varieties would be identical with these 8, except that 
they would be heterozygous as regards U, viz, U(S) instead of U. Con- 
sequently they would produce spotted as well as self-pigmented young. 

All the black rabbits (with one exception) which we have used for breed- 
ing purposes were produced in the course of our experiments from animals 
of other color varieties. AU were in one or more respects heterozygous, 
except possibly the recently purchased black rabbit, not yet fully tested, 
but apparently homozygous in all particulars and so of variety 1. Hurst 
(:o5) obtained rabbits of variety 2, but we do not happen to have had any 
of this variety, nor of variety 3. 

Variety 4 is represented in a modified form in our rabbits 104, 105, 167, 
247, and 255. The modification consists in this: the albino offspring are, 
at least in part, of the Himalayan type, having pigmented extremities. 
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Tliis we mj^t express by adding the Himalayan factor (C) to the for- 
mula as given lor variety 4. Variety 5 is represented in our black X, 
which when mated with blue d' 1434 (variety 3) produced 4 black and 
4 blue young. 

Variety 7 is represented in our rabbits 1230 and 1231, aoii, and 2038; 
and variety 8, in a modified form, in our J 24S, which has sired black, blue, 
sooty, pale sooty, white, and Himalayan white offspring by black, sooty- 
yellow, or blue-gray mates. He therefore differs from variety 8 as previ- 
ously described in that he is heterozygous in the Himalayan factor C 
His formula accordingly is B,Br,E(R)C'(C)I(D)U,Y,. Some evidence for 
this classification of our black animals will be found in the table 41, Other 
evidence is derived from matings with yellow or gra.y animals. 

Table 41. — Matings of black rabbits with black or sooty individuals. 



MUiDg. 


Buai. 


Sooty. 


mma- 
Uy«.. 


White. 


Blue. 


Pile 

KIOlT. 


ptosbUck withcfioibUck 

9 i«T black with (fatSbUdc 

9M7bUckwilhd'^bU<± 

9>55 bUck withd>S48 bUck 


9 
3 


\ 


\ 


.'.'. 






9 




3 


f 








fl.jjobUck with (3*1340 •00*7 


i 

3 


3 






J 


"i 


8 i.^^^wilh J.4.4 ^^ 





"Blue" pigmentation in rabbits and other rodents is merely a dilute 
condition of black. The zygotic formula of a blue rabbit is the same as 
that of a black one, if we sul^tute D, for the I, or 1(D) of the black vari- 
eties. Blue rabbits may occur theoretically of 8 different sorts, viz: 

(i) Blue producing blue only; formula, B^r,£,C}D,U,Yj. 

(2) Blue producing blue, and white; formula, B,Br,E,CDjU,Y^ 

(3) Blue producing blue, and pale sooty; formula, B^r,E(R}C^D,U,Y,. 

(4) Blue producing blue, pale sooty, and white; formula, B3r>E(R)CD,UtYj. 



Table 43. — Matings and young of <? 


434, Wtte. 


M.tinB. 


Black. 


Blue. 


Sooty. 


Pale 

•OOt)-. 


With 96*7, soot;, ruiety i 


3 

4 
4 


3 


3 
J 


"i 


Wth ? 1471, MMy, variety 3 or 4 . 


Wi^eU^ t.ri;.j 5 or 6 
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The 4 remaining varieties would be identical with these 4 except as 
regards the factor U, in which they would be heterozygous, U(S), instead 
of homozygous, U^ 

We have determined the zygotic formulae of 2 blue rabbits only, both 
of which were produced in the course of our experiments. One (i 1434, 
table 42) was of variety 3, the other (<S 1238, table 43) was of variety 4. 

We shall pass by the spotted black and spotted blue varieties of rabbit, 
of both which sorts a certain number of individuals have been produced 
in our experiments, but which have not been thoroughly tested. 

Table 43. — Matings and young of i 1338, live. 



Mmtms. 


Bloc- 
gray. 


Black. 


Blue. 


Sooty. 


■ooly. 


White. 




3 


'5 


3 


17 


"\ 


3 




Witb Qm8^ sootj, nitety 3 or 4 . - . 


With 96s6, bhu^par. vaii^ > 





Yellow rabbits differ from gray ones only in the factor E (extended 
black or brown pigmentation), in place of which they bear the alternative 
condition R (restricted black or brown pigmentation). Since R is reces- 
sive in relation to £, yellow rabbits are invariably homozygous, R,, as 
regards this factor. Theoretically axteen different varieties are possible, 
as follows: 

(i) Yellow producing yellow only; formula, B^r,R^C^U,Y,. 

(a) Yellow producing yellow, and white; formula, B^rjR^CI,U,Y^ 

(3) Yellow producing yellow, and sooty; formula, B^r,R^C,I,U,Y^ 

(4) Yellow producing yellow, sooty, and white; formula, BiBr,R,AC!^U,Ya. 

Four other varieties should differ from these 4 in factor I only, beii^ 
1(D) instead of I,, and producing dilute as well as intensely pigmented 
individuals. Eight others should differ from these eight in producing 
spotted as well as uniformly pigmented individuals. We shajl content 
ourselves with givii^ examples of the first four varieties enumerated. 

Variety i produces only yellows when mated with other yellows or 
with sooties, and only yellows and grays when mated with blacks or bluea 
of any sort whatever. It is represented in our yellow <f 381, a son of 3 
gray rabbits of variety 5, viz, 9175, and J176. He was mated with 6 
different yellow females, 3 of which had produced sooty offspring by other 
mates, and there resulted 61 young, all yellow. In matings with 2 differ- 
ent sooty females he produced la young, all yellow; and in a mating 
with a gray female of variety 6(9 178) he produced 3 yellow and 6 gray 
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young; expected i : i. We Iiave had several other }'ellow rabbits which 
wete probably of this same variety, but they were less extensively and 
inconclusively tested. 

Variety 2 is represented in a yellow rabbit obtained by purchase 
(J 1356). He was mated with 9547 yellow, variety 3, and produced 
9 young, all yellow (as expected); by yellow 9 745 J, variety 4, he produced 
4 yellow and 3 white young (expected 3:1); and by black 9 1330 and 
7 1231, variety 7, he produced 8 yellow, 3 gray, and i blue-gray young; 
expected 4:3: i. 

Variety 3 is represented in yellow females 547, 714, and 1115, which 
in matings with yellow males of variety 4 produced 34 yellow and 3 sooty 
young, but no white ones. Had these females been of variety 4 they 
should have produced 35 per cent of white young in the mating mentioned. 
It is pos^ble that the recorded number of sooties is too small, owing to 
a failure in our earlier records to discriminate sooty from yellow. No 
such possibility exists in the case of the records for albinos. One of the 
females already mentioned, of variety 3 (? 1115), when mated with sooty 
<t 1340 produced 3 yellow and 6 sooty young. 

Another yellow rabbit of variety 3 was the lop J 179 (plate 3, fig. 8). 
When mated with the sooty "old female lop" (plate i, fig. 3) he produced 
4 yellow and 4 sooty young (expected 1:1); and when mated with black 
females of variety 4 (? 9 105, 167, and 247) he produced 7 gray, 5 black, 

6 yellow, and 7 sooty young (expected i: i: i: i). Notice in the matings 
with black females the total absence of albinos, though all these females 
had produced albinos by other mates. 

StQl another male of variety 3, <J'3i9, son of the sooty old female lop 
by gray d* 176, variety 5, when mated with the black 9 247 (variety 4) 
produced a gray, 2 black, a yellow, and i sooty young (expected 1:1:1:1). 

Variety 4 is represented in our "Cutler's yellow" and in 9 745) pro- 
du<%d by black 9105 (variety 4) mated with yellow ^319 (variety 3). 
When "Cutler's yellow" was mated with the above female, 745), he pro- 
duced 4 yellow, 3 sooty, and i white young (expected 9:3:4). When 
mated with sooty females 63a and 647 (variety 2), he produced 7 yellow, 

7 sooty, and 3 white young (expected 3:3:2). 

SOOTV. 

Sooty rabbits differ from yellow ones only in the factor A, which they 
lack. Theoretically 8 varieties are possible, viz: 

(i) Sooties producing sooties only, when mated ffifarse; formula, B^r^C^^U,Y,. 
(3) Sooties producing sooty, and white; formula, BiBr,R,CI,U,Y,. 

(3) Sooties producing sooty, aud pale soo^; formula, B,Br,R,C,I(I>)U,Y|. 

(4) Sootiesprodudngaooty.palesooty, and white; formula, B3r^CI(D)U,Yy 

The 4 remaining varieties would be like these, except as regards the 
factor U, in which they would be heteroz^ous, U(S), instead of homozy- 
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gous, U,. They would produce spotted as well as imiformly pigmented 
yoimg. 

An example of variety i is the "old female top" (plate i, fig. a). When 
mated with an albino of black ancestry, S 45 (plate i, fig. 3), she produced 
a litter of 8 black young (plate i, fig. i). This experiment shows her to 
have been homozygous in C, f. «., to have been C, in character, and to 
have lacked factor A. Wben mated with yellow J 179 (plate 2, fig. 8), 
variety 3, she produced 4 yellow and 4 sooty young, exactly the expected 
equality of yellow and sooty. Another individual probably of this same 
variety was $ 14721 which when mated with a sooty male, 1414, produced 
12 young, all sooty. The male just mentioned belonged apparently to 
variety 3, for when mated with the black 9 1330 (variety 7) he produced 
5 black, 6 sooty, and i blue young (expected 3:4:1; or if p^ sooties 
were differentiated from sooties, which we probably failed to do in making 
the records, 3 black : 3 sooty : i blue : i paJe aooty). 

Variety 2 is represented in our j 402 and 9 9 632 and 647. When 
<f 402 was mated with 9 632, they produced a litter of 4 sooty and i white 
young (expected 3: i). Female 647, wben mated with "Cutler's yellow" 
(variety 4), produced 5 yellow, 4 sooty, and i white yoimg (expected 
3:3:2). The white individual produced by 9 633 and j 403 was a 
Himalayan albino. This shows one or both of the parents to have been 
sli^tly different from typical variety 2, and to have carried C. 

Variety 3 is represented probably by our 9 1471 which, when mated 
with blue J 1434, produced 4 black, 2 blue, 5 sooty, and 2 pale sooty young 
(expected 1:1:1:1). The possibility is not excluded that this femiale 
was of variety 4 (capable of producing also albino young), but she can not 
have been of either variety i or variety 3. Another probable example of 
variety 3 is 9 1280. (See matings of S 1338, blue, p. 63). 

Variety 4 we have not identified with certainty. Neither have we 
made a detuled study of pale yellows, pale sooties, or ^wtted rabbits of 
any color variety. We have observed, however, that dilute pigmentation, 
as well as spotting, occurs in all the fundamental cok>r varieties and are 
entirely satisfied of the independent inheritance of both. 



Albino rabbits differ from pigmented ones only in regard to the factor 
C, which they either lack, or possess only in a greatly modified form, C. 
If C is absent, there are possible 16 different combinations of the 4 remain- 
ing variable factors, which combinations correspond with gametes of the 
16 vi^bly different pigmented varieties of rabbit, minus C. But if C is 
present in the modified form, C, foimd in Himalayan albinos, t6 other 
gametic combinations should be possible, only slightly different from the 
foregoing, making in all 33 different gametic possibilities, or 333 zygotic 
possibilities. 
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Plainly it is unprofitable to attempt to find illustratioos of all these omi- 
ceivable variations. We shall content ourselves with noticing some oE 
the more important varieties of albinos and presenting evidence that each 
of the 4 variable factors, A, E, I, and U, is transmitted through albinos. 

The foUowing albino varieties may be expected to occur: 

(i) White producing gray only (in crosses with any pigmented variety); for- 
mula, B^Fj^A^U^Yy 

(a) White producing black only (in crosses with black or any pigmented variety 
reces^Ve to black) ; formula, B,Br,E^U,Yr 

(3) White producing yellow only (in crosses with yellow or sooty individuals); 

formula, B^r,RAIiU,Y,. 

(4) White producing sooty only (in crosses with sooty) ; formula, B^r,R^U,Y,, 

(5) While producing gray, and black (in crosses with black or any pigmented 

variety recessive to black) ; formula, BjBr,E^I,U,Y^ 

(6) White producing gray, and yellow (in crosses with yellow or sooty) ; formula, 

B^r^(R)A,I,U,Y^ 

(7) White producing gray, black, yellow, and sooty (in crosses with soo^) ; 

formula, B^r,E(R)AI,U,Y,. 

(8) White producing black, and sooty (in crosses with sooty); formula, 

B^r^(R)^U,Yr 

(9) White producing yellow, and sooty (in crosses with sooty); formula, 

B^r,R^I,U,Y,. 

Another set of 9 varieties, quite similar to these, would produce only 
pale-pigmented ofTspring. As regards the inten^ty factor they would 
be D, mstead of I,. Another set of 9 varieties would produce both dilute 
and intensely pigmented offspring, being heterozygous, 1(D), as regards 
the intensity factor. 

Nine other varieties, in which S, replaces U„ would produce only spotted 
young; and another set of 9 would produce both spotted and self-colored 
offspring; in these U(S) would replace U,. Another set of 9 varieties 
would produce only pale-pigmented spotted individuals, another would 
produce pale-pigmented individuals, both self and spotted; and lastiy a 
set of 9 varieties would produce both dilute and strongly pigmented indi- 
viduals, both spotted and self-colored. 

It is probable that the foregoing list of 7 a varieties could be duplicated 
in varieties having the Himalayan modification, and duplicated a second 
time in varieties heterozygous in the two sorts of albinism. 

A few examples will now be mentioned of some of the 9 varieties of 
albinos first enumerated, or of animals differing from those 9 varieties 
in one or two characters only. 

Variety i is represented in our i? 1435, which when mated with black 
9 1541 produced 11 young, all gray, and when mated with yellow 9 547 
(variety 3) produced 4 yoimg, ail gray. Variety 3, but beterozj^us in 
the Himalayan modification, C, and in spotting with white, U(S), is lep- 
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resented in our 1^45 (plate i, fig. 3), which when mated with the sooty 
lop (plate I, fig. 3) produced 8 young, all black. One of these is shown 
in plate i, fig. i. When mated with black 9 105, he pioduced 8 black pig- 
mented and 3 Himalayan albino young, but several of the pigmented 
yoimg were spotted with white, thia character being recessive in 9 105, 
which had a Dutch-marked father. 

Variety 5 is represented in 9 269, which when mated with sooty 3 402 
produced i gray and 3 black young (expected 1:1). When mated with 
yellow J 179 (variety 3) she produced in one litter 3 black young, and in 
a second litter, 3 gray and i black. This sea>nd litter, in which the 
expected proportions of gray and of black young are exactly realized, is 
shown in plate 2, fig. 6, the parents being shown in figs. 5 and 8 of the same 
plate. 

Variety 8 is probably represented in 5 368 which when mated with yellow 
J 319 (variety 3) produced 3 gray, i yellow, 3 black, and 2 sooty young 
(expected 1:1:1: i). The only other possibility is that this female was 
of variety 7, which should in this mating produce the same varieties of 
young, but in the proportions, 9:3:3:1. 

Variety 8 (but heterozygous in C, the Himalayan factor) is represented 
in 9 108, which when mated with black s 104 (variety 4) pioduced 3 
black, 3 sooty, and 6 Himalayan albino young, exactly the expected pro- 
portions. By yellow J 179 (variety 3) she produced i gray, i yellow, 
and I sooty youi^ (expected 1:1:1:1 black). 

The foregoing cases would afFord confirmation (if confinnation were 
necessary) of the discovery by Cu^ot (:o3) and by Hurst (:o5) that albino 
mammals transmit color factors, and that they vary in zygotic composi- 
tion as regards color factors. That albinos transmit the factor A is shown 
by the observation that some of them (which bear A) produce gray off- 
spring in crosses with black pigmented animals, while others (lacking A) 
never produce gray offspring, though mated to the same black animals. 

That albinos transmit the factor E is shown clearly by exten^ve experi- 
ments with guinea-pigs carried out by one of us. One family of albino 
guinea-pigs has been found invariably to produce black offspring in mat- 
ings with any pigmented variety devoid of factor A, whether that variety 
has the extended or the restricted distribution of black or brown pigment; 
a second family of guinea-pigs, with equal unifonnity, produces colored 
offspring having a restricted distribution of black pigment, if crossed with 
colored individuals having the restricted distribution. This second vari- 
ety produces black-eyed yellows, if crossed either with black-eyed yeDow 
or with brown-eyed yellow individuals. Of the 3 albino varieties men- 
tioned, the first evidentiy carries B with E, the second B with R. 

These same two families of albino guinea-pigs likewise differ in factor 
I, which is present in the first family, but replaced by D in the second. 
If each b crrased with pale yellow (cream) individuals, the former produces 
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in F, black offspring, aod in F, black, blue, red, and cream, as well as 
albinos; whereas the latter produces in F, cream, and in F^ cream and 
albino offspring only. 

As regards the factor U, Hurst ( : 05) has shown clearly that some albino 
rabbits transmit a imiformly colored coat, others a s[>otted coat, in crosses 
with colored rabbits. The former we may regard as carryii^ U, the latter 
S. In rabbits we have not made an extensive study of this matter. We 
have found, however, in agreement with Hurst, and Woods (103) that 
spotted rabbits in general produce only spotted young, when mated with 
each other, t. e., that spotting with white is recessive to uniform pigmenta- 
tion, and the case has been mentioned of an albino (J 45) which produced 
spotted young when mated with a black rabbit that had a spotted father. 

In guinea-pigs also, spotting is in the main recessive, and spotting is 
dearly transmitted by albinos. Thus the e 3003, figured and described 
by Castle (: 05), produced spotted young when mated with spotted females, 
and among his grandchildren spotted animals were very common, no matter 
whether the female grandparent and the parents were spotted or not. 

All the varied evidence which has been obtained from the study of 
rabbits, guinea-pigs, rats, and mice, by others as well as by ourselves, 
supports the hypothesis that albinos differ from pigmented individuals, 
by a single factor only, which factor we call C. 

THE UATERIAL BASIS OF HEKEDITY FACTORS. 

In what form, it may be asked, are we to suppose that the various 
assumed factors exist. Do they occur as so many different substances 
lying side by side but unmixed in every reproductive cell? To this ques- 
tion we may give at present no satisfactory answer. 

It is, however, we think, not necessary to suppose that there exist in 
the minute germ-cell as many complex organic substances as there are 
activities of the cell; neither is it necessary to suppose a different substance 
present for every independent factor identified. The various indepen- 
dent factors may have a basis no more complicated than that of so many 
atoms attached to a complex molecular structure. Experiment shows that 
the factors may be detached one by one from the organic complex. The 
discontinuity of their coming and going is entirely in harmony with the 
conception of them as components merely of complex molecular bodies. 
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DESCRIPTION OP PLATES. 



Flatz I. — Phetopaphs from Uft 1^ rtMUt dtseribti in At ItM. 
Fio. I. d'348, son of the nbbila shown in figa. a and 31 eara of intermediate length, hair 
abort, color black. 
a. " Old female 1^," sooljr yellow in cdor. 
3' d'45. B sbort-eat«d, Himalayan albino, angoia nbbit. 

4. 9 4°o, daughter of <f a^S, Sg. i, and at his aiater 9 ^7i > rabtdl of like characteT. 

Flats 2. — Phetograptu frim Uft of rabbiti dmrOtd m Iht Uat. 
Fio. j. 9 '^ > sbort-eared albino rabbit 

6. A litter of four rabbita (640 to 643) bome by 9 269, fig. 5, iriien mated whh d* 179» 

fig. 8. Thiee aie gray, one ia black; all tikve eais of intermediate length, 
as compared with the parenta. 

7. Gray qtiaiter-Uood \om borne by 9 431, plate 3, fig. 9, in a mating with her aoo 

(^176, ahalf-Uood lop similar in appearance to hiissistet 9 i75i plate 3, fig. ick 

5. <:?I79, a full-blood vellow lop, ion of the "old female kqi," pUte i, fig. a, and cf the 

"old male lop," a yellow rabbit 

Pun 3. — Phttograpkt from Kfi (fscctpt fig. 9) of rMnU itstrAtd in Iht HxL 
Fro. 9. Mounted skin of 9 431, the " Belgian hare," a gray rabbit with short eaia. 

10. 9 i75> A R™y half-blood lop, daughter of 9 43it fig- 9, aad the old (^ top, a yellow 

rabbit similar in appearance to hit aoa d'iT9i plate 3, fig- & 

11. 9 313, a gray three-quarter Uood lop, daughter at old female top, plate i, fig. 3, 

and the haU-blood lop (^170; compare fig- 10, irtiich gives a good idoiof 
the appearance of ^ 176. 
19- (?38i, soa of 9 i75> ^- '^ uid her brother, tj't?''! *^ Fi half-blood lop, with the 
same genentl eap^ilunKter aa hii parents, but yellow in cxAot, like his gtand- 
falber- 

PuiTE 4. — Dortai and vantr<U vieat cf Iht thuUt of 3 raibits. 
In the middle the skull of cT 948 (compare plate i, fig. i); at the right the skull of his mother 
"old female lop" (plate i, fig. 9}; and at the left the skull of hii father 

tf 45 (pl»t« ". %■ 3)- 
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